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PREFACE 


T he principal object of this volume is to provide a Handbook that will give 
ihe average reinforced concrete designing engineer the data that he may 
normally require in the ordinary course of bis duties. The book is divided into 
three principal Parts, the second of which comprises a series of tables that 
endeavour to present in a concise form, and in accordance with modern practice, 
the necessary information and formulae. The first Part gives explanatory notes 
upon, and subject matter additional to, that given in the tables, and thus by 
not interspersing the text among the tables the latter are supplemented without 
sacrificing completeness or compactness. 

The text deals with the factors of design in the following sequence : {a) loads 
and pressures; (d) calculations of moments and forces; (c) determination of 
stresses and design of sections. There is no pretence of dealing with the wide 
subject of the construction of reinforced concrete structures except in so far as 
the work on the site affects that of the engineer at the drawing board, and in 
the endeavour to avoid duplicating much material that is fully and admirably 
dealt with elsewhere the mathematical processes by which the various formulae 
are derived have been omitted. The third Part takes the form of a descriptive 
bibliography to which the reader is referred for fuller information on those parts 
of the subject that are briefly dealt with in this volume. 

With this as his aim, the author feels that no apology is needed for adding 
this volume to the literature of reinforced concrete design. Although it is 
hoped that the presentation of some aspects of the subject may strike a new 
note, information has had to be obtained from many sources, and acknowledgment 
must be made to those engineers who are mentioned in the text. 

The author's thanks are also due to Mr, R. A. Manthei, A.C.G.I., D.I.C., 
and Mr. R. Hicks for their assistance in preparing the work for publication. 

Although this volume is primarily addressed to concrete designers, it is hoped 
that it may be of some value to those engineers whose practice only occasionally 
brings them in touch with reinforced concrete, and that even the expert may 
find the tables interesting and of assistance. 


Stafford, 1932. 


C. E. R. 



PREFACE TO SECOND EDITION 


A NEW edition of this book is now necessary to include the requirements of the 
London County Council’s Building By-laws issued in 1938, the Recommendations 
for a Code of Practice for the Use of Reinforced Concrete in Buildings, and 
other Codes and technical advances since the publication of the first edition. 
The inclusion of this new data has necessitated the complete rewriting of many 
of the chapters and tables, while many additions have been made to other parts 
of the original text. For example, the new material includes pressures due to 
materials submerged in liquids, bending moments and shear forces due to 
triangular loading, torsion, temperature stresses, etc. Additional examples, more 
details of specification clauses, and particulars of alternative methods of measuring 
quantities have been inserted, together with the requirements of the Code of 
Practice for Reinforced Concrete Structures for the Storage of Liquids ” issued 
by the Institution of Civil Engineers, whose permission is gratefully acknowledged. 
The bibliography included in the first edition is now omitted. 

The opportunity is taken to thank all-those who have suggested corrections 
or amendments, many of which have been incorporated in this edition. 

C. E. R. 

London, 1939, 

PREFACE TO THIRD EDITION 

The need for a further reprinting has presented an opportunity to make additions 
to the subject matter, especially in respect to the analysis of framed structures. 
Consideration oi moment distribution has been introduced, together with addi¬ 
tional data relating to the design of bridges and impermeable construction. 

During the war certain relaxations of stresses have been allowed ; for 
example, the permissible working stress in tension on mild steel bars has been 
increased from 18,000 to 20,000 lb. per square inch. Such temporary expedients 
are not included in this edition. Neither has any attempt been made to anticipate 
post-war revisions to stresses, superimposed floor loads, or wind pressures, which 
in this edition remain in accordance with the regulations and recommendations 
current prior to the war. The text dealing with cement and reinforcement has, 
however, been brought into line with certain recent British Standards. 

C. E. R. 

London, 1945. 
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PART I 

DESCRIPTIVE TEXT 




CHAPTER I 


INTRODUCTION 


1.—Design. 

Unlike other structural designers, who usually have only one material to consider, 
the remforced concrete designer has to think almost simultaneously of steel, 
cement, sand, stone, water, and timber, which have to be combined to fulfil 
his requirements efficiently. When he makes his calculations, instead of adopting 
elementary mechanics, he is assailed by the apparently abstruse mathematics 
of the elastic theory. The concrete engineer realises that his detail design is 
as important as his main planning. Efficiency and economy—related but not 
identical—^must always be uppermost in his mind. Efficient detailing, by which 
is meant much more than providing in an economical manner the computed 
area of reinforcement, is of paramount importance, implying as it does that the 
calculated amount of steel can be placed practicabiy so that it can do the work 
it will be called upon to perform, and that reinforcement is provided to take 
those many incalculable secondary tensile forces that are inherent in a monolithic 
concrete structure. Towards the production of safe and economical structures 
good judgment will do almost as much as calculations and especially in the 
matter of the assessment of loading can the designer display this judgment. It 
is of little use to make calculations with the effective depth of a section carried 
to two decimal places, if the loads are 25 per cent, under- or over-estimated. 
It should be remembered in connection with estimates cf loadings, costs, and other 
quantities that the more items that can be included at their exact value, the 
smaller will be the overall percentage of error due to the inclusion of those items 
whose exact magnitude is indeterminate. 

Competent designing must be associated with efficient supervision on the 
site if, in the interests of his profession and his client, the reinforced concrete 
engineer is to take full advantage of the latest research results and refinements 
in calculation and of the high uniform quality of modern British cements and 
steel. The practical side of concrete engineering is not dealt with in the present 
volume, but an attempt has been made to bridge the gap between the drawing 
offiice and the site in the author's companion volume “ Concrete Construction." 

The tread of modem design is such that, where proper precautions are taken 
to ensure that the assumed loading and specified quality of concrete are realised, 
high working stresses can be employed, and the more factors allowed for in the 
calculations the higher the working stresses may be, and vice versa. At the 
same time complicated and pseudo-exact mathematics should not be allowed to 
confuse the sense of what is good engineering. If low stresses of the order of 
16,000 lb. "and 600 lb. per square inch on the reinforcement and concrete 
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respectively are adopted, then approximate loadings, bending-moment coefficients 
and resistance-moment factors are undoubtedly sufficient. The object of technical 
advances should be to introduce refinements and simplifications into the methods 
of calculation that the engineer makes to aid his judgment. The refinements 
should render the stress survey more comprehensive and therefore more satis¬ 
factory, Much practical design is to-day controlled by regulations, but even 
within the bounds of such regulations, the concrete engineer must still exercise 
considerable judgment in his interpretations of the requirements, endeavouring 
to grasp the spirit of the regulations rather than to design to the minimum 
allowed by the letter of the by-laws. Design practice in this country is to-day 
largely influenced by two recent codes, the “ Recommendation for a Code of 
Practice for Reinforced Concrete ** and the London Building By-laws *' (1938) 
together with the Memorandum issued in connection with the latter. Design 
in compliance with the Code and the By-laws is dealt with fully in the author’s 
“ Practical Examples of Reinforced Concrete Design.'* Although the appropriate 
recommendations and requirements are given in the present volume, the greater 
part of the book deals with the many problems and structures which are outside 
the scope of these documents. 

'fhe tables given in the second part of the present volume have been planned 
to enable the designer to reduce the amount of mathematical processes to a 
minimum. The use of such tables not only makes for speed but also eliminates 
inaccuracies when the tables being used are thoroughly understood and their 
basis and limitations realised. In the succeeding chapters the basis of the 
tabulated material is described. A certain amount of general information is 
also tabulated ; for example on Table No. 38 arc given fractions of an inch 
expressed in decimals of a foot. Table No. 37 is a conversion table for metric 
units, whilst Table No. 40 gives the trigonometrical functions of angles to a 
degree sufficient for design purposes. In conjunction with this table, fundamental 
trigonometrical formulae are given. 

The duties of the reinforced concrete designer are considerably varied, 
extending from the initial stages of site inspection and general planning of a 
structure through the intermediate stages involving the preparation of the detail 
designs, cost estimates, bills of quantities, and specifications to the final stage 
of inspection of works in progress, measuring-up, and amendments to designs 
due to unforeseen circumstances arising during the course of the work. In the 
l^formance of these duties an engineer is continually using, and at the same 
time augmenting, his store of knowledge and experience of structural materials 
and design, as well as of construction methods and costs. A competent reinforced 
concrete engineer is one who blends sufficient theory with practice. At one 
extreme is the mathematician who can calculate precisely the stresses and 
strains produced by an assumed system of loads, and who is of considerable value 
when his theoretical knowledge is coupjed with experience of the limitations of 
the materials he is hypothetically handling. At the other end of the scale is the 
essentially practical engineer who possesses little advanced mathematical know¬ 
ledge but knows by experience what can be done with a given material, and 
who can skilfully peg-out an intricate setting-out, make good concrete, use 
modem labour-saving contractor's plant efficiently, organise the work, and 
economically cause the mathematician's dreams to materialise. 
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The engineer between these extremes Must, at his best, have sufficient 
technical knowledge to control and interpret the mathematician's conceptions 
and to translate them into projects that the c )ntractor can eiect; he must know 
where he can safely sacrifice theoretical accuracy for economy of construction ; 
he must be able to anticipate probable loadings and conditions other than those 
specified by the client ; he must be able to comprehend the requirements of his 
non-technical clients and to draw up a practical specification that will defend 
liis client against unscrupulous contractors without being unfair to conscientious 
builders. He must know sufficient of the practical man's ways and of the 
materials’ market to estimate with precision tlie probable cost of a project, and 
he must have an acquaintance with the business side of engineering. 

It is reasonable that, for the reinforced concrete engineer who intends 
making designing his principal business, in b*s blending of practical mathematics 
and field experience his study of theory should predominate, and an endeavour 
should be made to proceed along both roads at once in order that in an intensive 
study of one side the importance of the other may not be obscured. His studies 
should obviously include the theory of structures, strength of materials, and 
such other subjects as are usually included in professional examinations. These, 
however, can be valuably supplemented by the less abstract studies of building 
construction, geology, and the elements of architecture. A knowledge of lan¬ 
guages is useful, since much that is of value in tlie literature of concrete engineering 
is often presented in German or French, and on the pi^^ely practical side, clear 
draughtsmanship is as important as in any other branch of engineering. An 
insight into such occupations as tracing and the keeping of office and site records 
is useful to an engineer, whatever technical diplomas he may possess. Outdoor 
studies should embrace surveying and familiarity with such details as timber 
sizes, the amount of concrete that can be made and placed in a given time, and 
the difficulties experienced in the bending and placing reinforcement. 

2.—Design Economics. 

There are few criteria of economy in reinforced concrete design,*since besides 
the obvious effect of the relative cost prices of concrete, steel, and timber on 
the economic proportions of the quantity of concrete, reinforcement, and 
shuttering, there are possibly other factors in the designer's mind. For example, 
a designer engaged by a contracting-designing organisation may have to bear 
in mind that a particular piece of special plant, such as steel shuttering of certain 
sizes, will be available for use on a pairticular contract; it is therefore economical 
to arrarige the structural members so that this plant can be employed ; or, again, 
if a rise, say, in joiners' wage rates is expected, then economy may accrue by 
omitting complex shuttering at the expense of concrete. 

Such considerations as whether less concrete of a rich mix is cheaper than 
a greater volume of a leaner mix ; whether the use of higher-priced bars of over- 
long lengths will offset the cost of the extra weight used in lapping cheaper bars 
of normal length; whether, consistent with efficient detailing, a few bars of 
large diameter can replace a larger number of bars of smaller diameter ; whether 
the extra cost of rapid-hardening cement justifies the saving made by a greater 
number of uses of the shuttering ; or whether uniformity in the sizes of members 
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saves in shuttering what it may cost in extra concrete—these are a few among 
the many factors that a designer may have to consider in detail. 

Then there is the wider aspect of the economical problem, such as whether 
the anticipated life and use of a proposed structure warrants the use of a higher 
factor of safety, or whether the extra cost of adopting an expensive type of 
construction will be commensurate with the improvement in internal facilities. 

The wording of a contract and the experience of the contractor, the position 
of the site and the nature of the available materials, and even the method of 
measuring up the quantities, together with numerous other points, all have 
their effect, consciously or not, on the designer's attitude towards a contract. 
So many and varied are the collateral factors to consider that only experience 
and the study of the trend of design can give the designer any reliable guide. 
Attempts at determining the most economical proportions for a given member, 
basing that determination only on inclusive prices for concrete, steel, and shut¬ 
tering, generally lead to dimensions that are usually unconventional. It is 
nevertheless possible to lay down certain broad principles that, coupled with the 
observations made in subsequent chapters, should be of some guidance. 

For equal weights combined material and labour costs on small diameter 
bars are greater than those on large diameter bars, and within wide limits long 
bars are cheaper than short bars if there is a sufficient tonnage to justify special 
transport charges and facilities. 

The lower the cement content the cheaper the concrete, but, other factors 
being equal, the lower the strength. Taking compressive strength and cost 
into account a rich mix is more efficient than a leaner mix, and what is usually 
known as a i : i: 2 mix may be 20 per cent, more efficient than a i : 2 :4 mix. 
In beams and slabs, however, where much of the concrete is in tension and 
therefore neglected in design calculations, a lean mix is cheaper than a rich mix. 
In columns, where all the concrete is working in compression, the adoption of a 
rich mix leads to economy, since besides the more efficient concrete there is the 
saving in shuttering consequent upon the reduction in size of the member. The 
relative economy of various column designs is discussed in Chapter XIII. 

The use of compression steel is always uneconomical when the cost of a 
single member is being considered, but advantages accruing therefrom by increas¬ 
ing headroom under beams or by reducing the size of columns may offset the 
extra cost of the individual member. 

Bent-up bars are more economical than binders for resisting shear in beams. 

Tee beams are cheaper if the rib is made as deep as possible ; here again 
the increase in headroom consequent on reducing the depth may offset the small 
extra cost of the beam. An increase in overall depth of 33J per cent, may result 
in a 20 per cent, decrease in cost. 

Shuttering is obviously cheaper if all angles are right angles, if surfaces 
are plane, and if there is a fair amount of repetition. Thus splays, fillets, 
chamfers, etc., should be dispensed with unless essential to durability, and 
wherever possible architectural features in cast-in-situ work should be formed 
in straight lines with right-angle breaks. When shuttering costs are considered 
in conjunction with concrete and steel costs, the introduction of certain com¬ 
plications in the shuttering may lead to more economical construction. For 
instance, heavy continuous beams are more economical if haunched at the 
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supports, and circular tanks of medium capacity are cheaper than rectangular 
tanks of the same capacity. In some cases domed roofs and tank bottoms are 
more economical than flat beam and slab construction, although the shuttering 
may cost lOO per cent, more for spherical work. When shuttering can be used 
several times without alteration the advisability of employing steel shuttering 
should be considered, and, owing to the less adaptability of steel as compared 
with timber, the design should be modified if necessary to suit. Generally steel 
shuttering for beam-and-slab or column construction is only, cheaper than timber 
shuttering if twenty or more uses can be assured, but for circular work half this 
number of uses may warrant the adoption of steel. Timber shuttering for slabs, 
walls, beams, column sides, etc,, is usually good for four uses before repair, and 
six to eight times before the cost of repair equals the cost of remaking. Beam- 
bottom boards can be used at least twice this number of times. 

A very essential aspect of the reinforced concrete engineer's work is an 
appreciation of the economical qualities of materials other than concrete. The 
judicious incorporation of such materials into his designs may lead to economies 
on a large scale, and because his structure is primarily built in his specialised 
material he should not be insensible to the applicability of other building materials 
in appropriate parts of his structure. Just as there is little excuse structurally 
for facing reinforced concrete bridges vyith stone, so there is no economic gain by 
constructing 4-in. reinforced concrete panel walls when a 4i-in. or 9-in. brick wall 
will serve the same purpose. 

Other common cases of the consideration of the claims of other materials 
are that of asphalt road surfaces on concrete foundations compared with all¬ 
concrete roads, the installation of timber or steel bunkers in place of concrete 
structures when short life only is required, the erection of light steel framing 
for the superstructures of industrial buildings, the provision of pitched steel trusses 
with suitable roof coverings, compared with concrete roof slab and beam con¬ 
struction, suspension cables as against long-span concrete arches, masonry 
blocks as against concrete monoliths in marine work, and timber piles compared 
with reinforced concrete piles. Included in such economic comparisons should be 
such factors as fire-proofing, deterioration, depreciation, insurance, appearance, 
and constructional time, besides such structural considerations as foundations, 
convenience of construction, and availability of materials. 

3.—Drawings. 

The methods adopted in preparing drawings for reinforced concrete wor!: 
vary considerably, and in most drawing offices a special practice has usually 
been developed to suit the particular class of work done. The following obser¬ 
vations are based on experience and can be taken as a general guide when no 
precedent exists. One of the principal factors is to ensure that on all drawings 
for any one contract the same conventions should be adopted and that uniformity 
of appearance and size should be aimed at, thereby making easier the work of 
reading the drawings on the site. 

In the preliminary stages a general drawing of the whole structure is usually 
prepared to show the principal sizes of beams, columns, slabs, walls, foundations, 
capacity of tanks, etc. Later this, or a similar drawing, is elaborated as a key 
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to the working drawings, and should then show precisely such particulars as 
the setting-out of the structure in relation to adjacent permanent buildings, 
etc., and the level of, say, the ground floor in relation to a predetermined datum. 
All principal dimensions such as the distance between columns, overall and 
intermediate heights of stories, etc., should be indicated in addition to any 
special requirements such as clearances, exceptional loads, etc., that are to be 
attended to in the design. 

The most convenient scale for general drawings is usually J in. to i ft. It 
is often of great assistance if the general drawing can be used as a key to the 
working detailed drawings by incorporating reference marks for each column, 
beam, slab panel, or other unit. 

The working drawings should be large-scale details of the members shown 
on the general drawing. A suitable scale is ^ in. to i ft., although plans of slabs 
and elevations of wafls are often conveniently prepared to a scale of J in. to 
I ft., while sections through beams and columns with complicated reinforcement 
are preferably drawn to a scale of i in. to i ft. 

Separate sections and other views should be shown for reinforcement details 
of slabs, beams, and coliunns, since it is not advisable to show the reinforcement 
for more than one such member in a single view, except in the case of framed 
structures. An indication should be given, however, to show the position of 
slab steel and column bars relative to beam bars or other intersecting reinforce¬ 
ment. Sections through beams and columns showing the detailed arrangement 
of the steel should be placed as closely as possible to the position where the 
section is taken. 

For reinforced concrete details it is best to indicate the outline of the concrete 
by a bold line and the reinforcement by a thinner full line representing the centre 
line of the bar, and wherever clearness is not otherwise sacrificed, the line 
representing the bar should be placed in the exact position intended for the centre 
line of the bar, due regard being given to the appropriate cover. Thus the 
reinforcement as shown on the drawing should represent as nearly as possible the 
appearance of the reinforcement as fixed on the site, all hooks, etc., being drawn 
to scale. 

The dimensions given on the drawing should be planned so that the primary 
dimensions connect column and beam centres or other leading setting-out lines 
and so that secondary dimensions give the detailed sizes with reference to the 
main setting-out lines. The dimensions on working drawings should also be 
given in such a way that the carpenters making the shuttering have as little 
arithmetic as possible to do. Thus, generally, the distances between breaks in 
any surface should be figured. Disjointed dimensions should be avoided by 
combining as much information as possible in a single string of dimensions. 

Marks indicating where cross sections are taken should be bold and, unless 
other considerations such as appropriateness control, the sections should be 
drawn as viewed in the same two directions throughout the drawing ; for example, 
they may be drawn as viewed looking towards the left and as viewed looking from 
the bottom of the drawing. Consistency in this makes it easier to understand 
complicated details. 

Any notes on general or detailed drawings should be concise and free from 
superfluity in wording or meaning. Notes which apply to all working drawings 
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can be reasonably given on the general arrangement with a reference to the 
latter on the detailed drawings. Descriptions of concrete mixes, cover, etc., 
are usually included in the specification or bill of quantities, and only special 
mixes or covers peculiar to parts of the work shown on the detailed drawings 
should be described on these. There should, however, be a general reference 
to the specification on the general drawing If the bar-bending schedule does 
not appear on the detailed drawing, a reference should be made to the page 
numbers of the bending list relating to details on the particular drawing. 

Notes that apply to one view or detail only should be placed as closely as 
j^ossible to the appropriate view, and only those notes that apply to the drawing 
as a whole should be collected together. If a group of notes becomes lengthy 
there is a danger that they will be only cursorily read and an important require¬ 
ment thereby overlooked. 



CHAPTER II 


LOADS 

l.—Dead Loads. 

The judicious asscsisment of the loading on a complete structure or on any 
particular member is as important in the production of an efficient design as the 
general planning or the determination of the dimensions of the members. 
Loading can be divided into (i) dead or permanent loads and (2) superimposed 
or live loads. 

Weight of Concrete. —The primary dead load is usually the weight of the 
reinforced concrete structure or member itself, which for design purposes is 
conveniently taken as 144 lb. per cubic foot, that is i lb. per lineal foot for each 
square inch of cross-sectional area. Actually the weight of reinforced concrete 
is rarely less than 150 lb. per cubic foot and varies with the weight of aggregate 
and percentage of reinforcement. Some typical weights for plain and reinforced 
concrete are giv^en on Table No. i, together with the design weights of solid 
concrete slabs and hollow clay tile floors. 

Structural Materials. —Other dead loads include such permanent weights 
as those of wall finishes; floor, stair, ceiling and roof finishes ; asphalt and 
other waterproofing ; partitions; doors, windows, roof lights, pavement lights, 
etc. ; superstructures of concrete, steelwork, masonry, brickwork, and timber ; 
concrete bases for machinery and tanks ; fillings of eartli, sand, puddled clay, 
plain concrete, hardcore, cork, etc. ; rail tracks ; firebricks and other linings ; 
road surfaces, etc. Suitable basic values of structural materials are given on 
Table No. i, together with the weights of glazed, sheeted and slated roofs and 
the average equivalent loads per square foot of horizontal projection for steel 
trusses of various spans. These values are applicable when estimating the loads 
imposed on a concrete substructure with a pitched steel roof. For structural 
steelwork made up of joists, channels, angles, or compound sections, it is 
generally sufficient if the total weight is estimated by adding to the nominal weight 
of the section an allowance of 10 per cent, for cleats, connections, rivets, and 
bolts, although an extra allowance should be made for stanchion caps, bases, 
and grillages. 

Loads on Lintels. —Where concrete lintels support brick walls it is not 
necessary to consider the lintel as carrying the whole wall above it; it is sufficient 
to allow only for the triangular areas indicated on the diagrams on Table No. i. 

Partitions. —The weights of partitions should be included in the dead 
loads on floors and it is convenient to consider such weight as an equivalent 
uniformly distributed load. The London By-laws specify a minimum allowance 
for partitions of 20 lb. per square foot for office floors, but usually this value will 
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only allow for timber or glazed partitions, iiie material of which the partition 
is constructled and the story height will control the weight of the partition, and 
for the design of floor slabs in any given Cctse the equivalent distributed dead 
load {w^ lb. per square foot) can be calculated fairly accurately from the following 
values : 

(a) When the partition is at right-ungles to the direction of the span 
of the slab and is placed approximately in the centre of the span : 


= 2P 

where p — partition in lb. per foot run 

span of slab (ft.) 

(b) When the partition is in the direction of the span of the slab : 
^ _ weight of partition m lb. per foot run 


In the case of brick or similarly bonded partitions some relief of loading on 
the slab can occur due to the arching effect of the partition if it is continuous over 
two or more beams, but the presence of doorways or other openings will destroy 
this relieving action. For the design of beams, the uniformly distributed load 
due to partitions can be considered as the proportion of the total weight of 
partitions carried by the beam under consideration suitably adjusted to allow 
for non-untform incidence. This value should not, ho\ wer, be less than 20 lb. 
per square foot of floor area. 


2*—Superimposed Loads on Buildings. 

Live or superimposed loadings include any external loads that may be imposed 
when the structure is serving its normal purpose, and include stored materials, 
furniture and movable equipment, cranes, vehicles, snow, wind, and p)eople. 
The actual value of these loads depends on the requirements of each part of 
the structure. 

Floor Loads. —For buildings in most cities, the superimposed loads to be 
taken by floors, staircases, and roofs are laid down in regulations, and the values 
given on Table No. 2 are based on the London By-laws (1938) and the Code of 
Practice. For floors and roofs with low loading intensities, it is usual to design 
the beams for a smaller superimposed load than the corresponding slabs, since 
the likelihood of the whole floor being simultaneously loaded is remote. It is 
conunon practice to design slabs and beams for a minimum total superimposed 
load irrespective of the span ; the values of these loads are given on 7 'able No. 2 
together with the limiting span for slabs below which the minimum total super¬ 
imposed load will control the design of the slab. For spans in excess of these 
limiting values, the normal intensity of superimposed loading will be the controlling 
factor. In the case of slabs, the minimum total superimposed load is expressed 
in tons per foot width of slab, whereas for beams the corresponding load is the 
total load in tons on the beam. 

Floors of industrial buildings where machinery and plant are installed should 
not only be designed for the possible loading when the plant is in running order, 
but the probable loading during erection and testing of the plant should be 



12 REINFORCED CONCRETE DESIGNERS' HANDBOOK 

investigated, since in many cases this may be more severe than the working 
load. 

The support of heavy safes in buildings requires special consideration, and 
the floors should be designed not only to carry the safe in its permanent position 
but also when the safe is being moved into position, unless steps are taken to 
provide temporary props or other relief during installation. 

The superimposed loading peculiar to floors of warehouses and garages is 
dealt with later. In all cases of floors in buildings it is advisable, and in some 
cities it is compulsory, to erect a tablet indicating the superimposed load for 
which the floor has been designed. 

Loadings on Stairs, Landings, and Corridors.—The superimposed loads 
on stairs, landings, and corridors should generally be the same as the loads on 
the floors served by the staircases, except in warehouses or buildings with similarly 
heavily loaded floors, where there is little possibility of heavy goods being carried 
up the stairs. Table No. 2 gives the normal superimposed loads for stairs, landings, 
and corridors in residences and other buildings, together with the values of the 
minimum total superimposed loads on the corresponding slabs and supporting 
beams. 

Roof Loads. —The superimposed loads for roofs given on Table No. 2 are 
additional to ail surfacing materials and include for wind, ice, snow, and other 
incidental loads. Freshly fallen snow weighs about 5 lb. per cubic foot, 
but compact snow attains 20 lb. per cubic foot, which should be considered 
in districts subject to heavy snowfalls. For pitched roofs the snow load decreases 
with an increase in the slope, but the wind load increases, and allowance must 
be made for the suction on the leeward side in addition to the pressure on the 
windward side. Further consideration of wind pressures is given later. 

If a flat roof is used for any purpose such as a caf^ or roof garden, the 
appropriate floor loading must be allowed. The possibility of converting a flat 
roof into a floor in the future should also be anticipated. 

Loads on Columns, Walls, and Foundations. —Columns, walls, and 
foundations of buildings should be designed for the same superimposed loads as 
the floors they support. When the superimposed load for the floor beams is 
less than for the slab, the beam load should be used in assessing the column load. 
In the case of buildings of more than two stories, and which are not warehouses 
or stores and for which the superimposed floor load is less than 100 lb. per square 
foot, the colunm and foundation loads can be reduced in accordance with the 
following rule. 

Consider the roof and top floor as being fully loaded; reduce the super¬ 
imposed load on the second floor from the top by 10 per cent., the superimposed 
load on the third floor from the top by 20 per cent., and so on in lo-per cent, 
increments down to the sixth floor from the top, where the superimposed load is 
reduced by 50 per cent. The superimposed load on all floors below the sixth 
from the top can also be reduced by 50 per cent. 

3.—Storage Loads. 

Warehouses. —Floor slabs, beams, colunms, and foundations of buildings 
of the warehouse class should be designed for a minimum superimposed load of 
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200 lb. per square foot, but the purpose for which the building is to be used 
should be considered and, if necessary, a higher value should be taken. For 
example, paper stores and printing works ar- usually designed for a floor load 
of 3 cwt. per square foot. 

Stored Materials. —Wherever possible the weights of the material to be 
stored should be ascertained and used in the design. This applies particularly 
to storage structures such as tanks, reservoirs, silos, and bunkers. The weights 
of some of the materials more commonly stored in concrete containers are given 
on Table No. 4. Where material is floating or submerged in water the loads 
or pressures carried by the bottom of the container.are calculated in accordance 
with the expressions given in Chapter III, where also are considered the hori¬ 
zontal pressures due to liquids, earth, and other contained and retained 
materials. 


4.—Moving Loads. 

Structures such as bridges, gantries, and garages must be designed for loads 
due to moving vehicles, trains, or cranes, while in buildings consideration has 
to be given to the dynamic effect of lifts and vibration due to machinery. 

Bridge Loading. —Most main road bridges in this country are designed 
for the loading prescribed by the Ministry of Transport and to simplify calculations 
the Ministry issues a memorandum reproduced in Fig i. This indicates for 
various spans, an equivalent uniformly distributed load with which has to be 
combined a knife-edge load of 2,700-lb. per foot run, as described in Fig. i. 
For major road bridges outside official jurisdiction, either the Ministry of Transport 
loading or the loading specified by the British Standards Institution should be 
adopted. The B.S.S. loading train is illustrated on Table No. 3. It should be 
observed that, whereas the Ministry of Transport's load includes a 50-per cent, 
allowance for impact effect, the B.S.S. loading excludes impact. 

The British Standard Specification for girder bridges gives the following: 

Impact Factors for Road Bridges. 
j a= N — 0*002 L 

Bridges with one traffic line : N = 0*75 ; / — o-6o for L = or > 75 ft. 

Bridges with two or more traffic lines : N = 0*65 ; / — 0*50 ditto 

L — effective span of longitudinal beams, or 

= twice spacing of intermediate transverse beams, or 
= distance between end and penultimate beams for end transverse beams. 

These impact factors are for use with road loading in B.S. No. 153 (Part 3), 

1937* 

For impact on railway bridges, see B.S. No. 153. 

In addition to the standard loadings mentioned or where this loading would 
be out of all proportion to the requirements of the traffic using the bridge (having 
regard to possible increases in the future), the loading from normal and special 
types of vehicles using the structure should be considered in the design. The 
effect of the occasional passage of steam rollers, heavy lorries, and abnormal 
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Fig. 1.—Ministry of Transport Lqading for Road Bridges. 
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loads (boilers, heavy machinery, ships' propellers, transformers, etc.) should be 
studied, and in the case of railway bridges allowance should be made for the 
rolling loads indicated on the diagrams supplied by the railway company. Axle 
loads (without impact) and other data for various types of road and rail vehicles 
are given on Table No. 3. It will be appreciated that the wheel loads and 
dimensions of vehicles vary with different types and manufacturers, and the 
tabulated values are indications of magnitude rather than of precise values. 
Many of the tabulated weights and dimensions are those specified by the Ministry 
of Transport in regulations issued in connection with the Road Traffic Act. 
There are, however, many variations in this data on account of the use to which 
the vehicle may be put, the date of manufacture, the type of wheel, etc., and 
where exact figures are required reference should be made to the relevant regula¬ 
tions. Generally the tabulated values are the greatest under any condition. 
A useful guide is the regulation whereby the weight transmitted to a strip of road 
surface 2 ft. wide normal to the longitudinal axis of the vehicle, must not exceed 
10 tons ; impact is excluded from this figure. 

The weights of buses, trolley-buses, and eight-wheeled tramcars given on 
Table No. 3 relate to vehicles used in London and exclude impact. 

The raised footpaths of road bridges should be designed for crowding and 
for the possibility of a vehicle running on to the path. A load of f cwt. to i cwt. 
per square foot is sufficient to allow for pedestiian traffic, and a single wheel load 
of 3 tons to 5 tons including the impact should be adequate for accidental loading. 
If there is any possibility of the footpath being converted into a roadway in 
the future, the pavement slab and supporting beams should be designed for the 
same loads as the original roadway. 

The impact effect of rolling loads is usually allowed for by increasing the 
static load by 10 per cent, to 75 per cent., and for general cases the allowance 
should be decided after consideration of the type of vehicle, the nature of the 
road or rail surface, the type of wheel (whether rubber or steel-tyred), and the 
speed and frequency of crossing the structure. An allowance of 25 per cent, is 
sufficient for road bridges if the maximum load for which the structure is designed 
occurs infrequently. Road structures not designed for the maximum loads that 
are common in any district should be protected by a permanent notification 
of the inaximum loads permitted to use the structure, and a limitation in both 
weight and speed should be enforced on all concrete bridges during the first few 
months after completion of the concrete work. For concrete bridges over roads 
or railways a speed limitation should be enforced on all traffic passing under the 
bridge during the period of construction and for a few weeks afterwards. 

Loading from Cranes. —Overhead travelling cranes are commonly sup¬ 
ported on reinforced concrete columns and gantriej and the maximum wheel 
loads for cranes of normal design are as given in the table on the following page. 

To allow for vibration and impact, the wheel loads should be increased 
by 25 per cent. Braking induces a horizontal thrust in the railbeam which is 
transferred to the supporting brackets, and the magnitude of this thrust can 
be taken as 20 per cent, of the maximum wheel load. The traversing of the 
crane and load produces a horizontal thrust transversely to the rail beam equal 
to about 10 per cent, of the total weight of the crane. 

In designing gantries for jib cranes running on rails loading problems arise 
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which depend on the disposition of the weights of the crane. In general, the 
appropriate wheel loads would be obtained from the manufacturer and would 
allow for the static and dynamic effects of lifting, discharging, slewing, travelling, 
etc. The maximum wheel load under practical conditions may occur when the 
crane is stationary and hoisting the load at the maximum radius with the line 
of the jib diagonally over one wheel. 

For special types of travelling machines, such as the ram engines, coke-cars, 
charging-cars, etc., in coke-oven plant, the wheel loads and thrusts should be 
obtained from the manufacturers rind suitable impact allowances added. 
Conveyors such as arc used in coal, cement, and grain-storage plants usually 
weigh 2 to 3 cwt. per lineal foot complete, while a conveyor gantry with sheeted 
sides and roof would weigh 5 cwt. to 6 cwt. per lineal foot. 
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Vibration.—For floors subjected to vibration from such causes as dancing, 
drilling, gymnastics, etc., the superimposed load of 100 lb. per square foot specified, 
on Table No. 2 is adequate to allow for the dynamic effect. For structural 
members subjected to continuous vibration due to machinery, crushing plant 
centrifugal driers, etc., allowance for dynamic effect is usually made by reducing 
the working stresses by 15 per cent, to 20 per cent, or by increasing the total 
dead and live load by this amount. The advantage of the latter method is 
that normal stresses can be used in the design worked to, thus making the standard 
tables and curves applicable. 

Garage Floors.—Garage floors are usually divided into two clashes, those 
accommodating vehicles not exceeding 2J tons in dead weight and those for 
heavier vehicles. Floors in the former class can be designed for the uniformly 
distributed load given on Table No. 4, but for floors in the heavier class consider¬ 
ation should be given to the magnitude and disposition of probable wheel loads. 
The actual wheel loads should be increased by 50 per cent, to allow for dynamic 
effect, and the bending moment and shear forces should not be less than those 
given by the prescribed minimum uniformly distributed load. Values for these 
minimum loadings are given on Table No. 4, together with the equivalent uniformly 
distributed load for bending moment calculation due to a load of one ton 
distributed over an area 2 ft. 6 in. square. These equivalent loads are tabulated 
for various conditions of continuity for both slabs and beams, and should be 
multiplied by one-and-a-half times the actual load (in tons). With a wheel 
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load directly over a beam and spread on a 2 't. 6-in. square, the load will be 
partially taken by adjacent beams. To allow for this effect reduction factors 
are introduced on Table No. 4; the value the reduction factor approaches 
unity for wide beams and for widely spaced beams. Since the thickness of the 
slab also enters into an accurate deduction for such factors, the tabulated values 
are approximate. 

Lifts.—The effect of acceleration must be considered in addition to the 
static loads when calculating the loading due to lifts and similar machinery. 
If a net static load of Wj^ is subject to an acceleration of a feet per second per 
second the load on the supporting structure is given approximately by 
Wj) (i + 0*03 a). The average acceleration of a passenger lift may 
be about 2 ft. per second per second, but the maximum acceleration will be 
considerably greater. An equivalent load 1-25 Wjy should be taken as the 
minimum to allow for dynamic effects. The load for which lift supports, pit-head 
gears, and similar structures should be designed, should bear a relation to the 
load on the ropes. If the latter is and the ropes have a factor of safety 
of ten, the load on the supports should not be taken at less than 2 J to ensure 
that the structure is equally as strong as the ropes. 

5 .—Dispersion of Point Loads. 

A wheel or similar load is usually considered as bearing on a definite area 
of the supporting surface, and can then be lurthcr disperses, over an area dependent 
upon the combined thickness of the road surfacing, filling, concrete slab and 
other constructional materials. Upon this latter area is based the estimation 
of the breadth of slab that assists in carrying the wheel load. 

Contact Area.—The width of the contact area of the wheel on the slab 
is equal to the width of the tyre, which can be taken as i ft. 6 in. for the heaviest 
loaded wheels of the tractor in the standard loadings, and 9 in. for the trailer 
wheels. For other vehicles a minimum of 6 in. is usually taken. The lengtli 
of the contact area depends on the type of tyre and the nature of the road surface, 
and would be zero for iron tyres on a steel-piate or concrete surface. The 
maximum contact would probably be obtained with an iron wheel on loose 
metalling or a pneumatic tyre on a tar-macadam surface. A maximum figure 
of 12 in. is suggested. 

Dispersal through Slabs.—The further dispersal of the load tlirough the 
total thickness of the road formation and concrete slab is usually considered as 
acting at an angle of 45 deg. from the edge of the contact area to the centre of 
the bottom reinforcement, as is shown in the diagram on Table No. 4. If “ a is 
the length or breadth of the contact area and D is the depth from the road surface 
to the centre of the reinforcement, the corresponding length or breadth of the 
dispersal plane is given by 

A — a -\- 2D 

Mr. W. L. Scott, in his treatment of the wheel loads in accordance with 
Pigeaud’s theory, employs the expression 

where H == the slab thickness and d = the thickness of metalling. 

This formula gives smaller values than dispersion at 45 deg. 
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In the case of a pair of wheel loads on two rails, if the latter are carried 
on sleepers the load in any position can be considered as distributed longitudinally 
over two effective sleepers and transversely over the length of a sleeper. The 
dispersal is then taken at 45 deg. through the ballast and decking, as indicated 
on Table No. 4. When a rail bears directly on a concrete beam the longitudinal 
dispersion of the load can be taken at from four to six times the depth of the 
rail. 

Width of Slab Supporting Point Load. —When the concrete slab spans 
between longitudinal beams, the span of the slab being less than half the span 
of the beams (as in normal slab and beam bridge construction), authorities differ 
concerning what width of slab S should be considered as effective in supporting 
a point load and transmitting this to the beams. All authorities allow dispersion 
as described to be taken down to the steel, and the most conservative present-day 
practice is to consider S equal io A. In the United States the practice is to 

2 

disperse the load horizontally at an angle the tangent of which is - that 

3 

is, 5 — 0'6j{L B) A (as indicated on Table No. 4). Mr. E. A. Scott advocates 

an expression of the form S = - + . 4 , and Mr. W. L. Scott considers the moment 

in the slab directly by the Pigeaud method, without computing the equivalent 
width of slab ; this method is further discussed for uniform loads in Chapter IV, 
and is the basis of the Ministry of Transport's stipulation for the amount of 
distribution steel given in Fig. i. Sir E. O. Williams has given as an approximate 
formula 5 — 0'6jL -f- 6 in. with a maximum value of 7 ft. These various formulae 
give rather differing results, and, when applied to a wheel contact area of 12 in. by 
9 in., an effective depth D — 14 in. and a slab span L = 7 ft., the values of S vary 
from a minimum width of 3 ft. i in. to 5 ft. 6 in. when calculated in accordance 
with the United States method. For general purposes, the latter gives economical 
results and is recommended if ample longitudinal or distribution reinforcement, 
say, up to 50 per cent, of the area of the principal transverse reinforcement is 
provided. 

For the design of garage floors as already described each wheel load can 
be considered as bearing on an area 2 ft. 6 in. square without further dispersion 
down to the reinforcement. 


6.—Wind Pressure. 

Buildings. —The magnitude of the wind pressure on a structure depends 
on the position and height of the structure. For buildings in Great Britain 
a pressure of 15 lb. per square foot on the upper two-thirds of the structure is 
specified both in the Code of Practice and the London By-laws, with an additional 
IO lb. per square foot on any projection above the general roof level. If the 
height of the building does not exceed twice the width, wind pressure can be 
neglected. It is sometimes recommended that each wall panel should be designed 
for a pressure of 25 lb. per square foot acting from either side of the panel. 

Wind Velocity and Pressures. —When special structures are to be built 
in exposed positions where the probable wind velocities are known from records. 
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it is preferable to design for the pressures calculated from the maximum velocity. 
The pressure of the wind varies as the square of the velocity and various 
relationships have been derived by different investigators. If P is the pressure 
in lb. per square foot and V is the velocity in miles per hour, a reasonable value 
would be P = 0*003 F*, and pressures calculated in accordance with this expression 
are given on Table No. 2 for various velocitier of the wind. For a steady wind 
with a velocity of 100 miles per hour, as occurs at rare intervals in this country, 
the pressure would be 30 lb. per square foot but the impact from gusts of high 
wind may exert greater pressures. 

Chimneys and Exposed Structures. —Since a primary factor in the 
design of chimneys and similarly exposed isolated structures is wind pressure, 
every problem should be given careful consideration to avoid either underestim¬ 
ating or making an unduly high assessment. Where records of winds in the 
locality are available ap estimate of the probable wind pressures can be made. 
Due account should be taken of the susceptibility of narrow shafts to the impacts 
of gusts, and a pressure of 40 lb. per square foot is mentioned in the Memorandum 
of the London By-laws. This value, which allows for pressure on the windward 
side, for suction on the leeward side, and for impact, is primarily applicable to 
brick chimneys, but it should be remembered that the margin of safety is greater 
for concrete structures than for brickwork or masonry owing to the ability of 
reinforced concrete to resist tensile stresses. 

For chimneys and other structures of considerable he.ght, a variable intensity 
of pressure is often recommended, since the wind velocity, and therefore the 
pressure, increases with increased height. Suitable values are given on Table 
No. 2, 

For circular shafts the pressure can be reduced by 40 per cent, owing to 
the relieving effect of the curved surface. This reduction can also be applied 
to the wind pressure on circular tanks of water towers if the diameter is 20 ft. 
or less, but for larger diameters and for tanks polygonal in plan a smaller reduction 
should be made. A reduction of 33J per cent, can be assumed when the wind 
blows normally to a diagonal of a square tower or shaft and 20 per cent, for 
other shapes. For circular chimneys with fluted surfaces a reduction of only 
20 per cent, should be made. 

Bridges. —Wind pressures on steel bridges are dealt with in British Standard 
Specification No. 153, and for reinforced concrete bridges a similar consideration 
should be applicable. The pressures given on Table No. 2 apply p)er square 
foot of exposed surface, which for a loaded bridge includes the vertical area of 
the structure and any portions of the load projecting above the parapet. For 
an unloaded bridge where the width between the parapets exceeds twice th( 
combined depths of the parapet and outer giider, the exposed area should be 
calculated as twice the area of the parapet and outer girder. If the width is 
less than this the exposed area should be reckoned as three-quarters of the value 
for a wide bridge. 

Note: The reader is referred to British Standard Code of Practice CP4: 1944 
“ Functional Requirements of Buildings ; Chapter V : Loading " wherein are given the 
latest recommendations for floor and roof loadings. In particular this code deals 
more thoroughly with wind pressure on buildings than hitherto. 
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PRESSURES DUE TO RETAINED AND CONTAINED MATERIALS 

1.—Active Pressures. 

Liquids. —^Thc calculation of the exact value of the horizontal pressure exerted 
by contained materials on the sides and bottoms of a container is an uncertain 
operation except when the material is a liquid. In the latter case the intensity 
of pressure (/>) normal to the surface of the wall of the container is equal to the 
intensity of vertical pressure at any depth (h) from the free surface of the liquid, 
and is given by the simple hydrostatic expression : 

P =^wh .(i) 

wliere w == unit weight of the liquid. The units of w and h determine those of 
p, that is, with w in lb. per cubic foot and h in feet, p would be in lb. per square 
foot. 

Granular Materials. —When the contained material is a semi-fluid 
and granular ia form, for example, dry sand, grain, small coal, etc., the value 
of p would be in accordance with the general expression : 

p = kwh . . . . . . (2) 

where A is a factor depending principally on the fluidity of the contained or retained 
material and varying from unity for perfect fluids to zero for materials that 
will stand with a vertical face. The actual value of k depends not only on the 
physical characteristics, water content, and angle of repose of the earth, grain, 
or other material, but also on the slope of the wall, on the material of which the 
wall is made, and on the amount of surcharge on the contained material. 

The ^’alllc of k is determined cither graphically or by calculations that are 
usually based on the wedge theories or the developments of Rankine or Cain. 
The total pressure normal to the back of a wall of height H, Fig, 2, is given by 

KwH^ 


where 

r sin 03 - 0) 1* cos /t 

[_(« + 1) sin /?J sin {fi + fij 

• • ( 4 ) 

in which 

n = + a) sin (0 — 4) 

V sin + /?) sin (fi — 



Referring to Fig. 2 the notation is as follows; 

0 = angle of repose of the material 
— angle of friction between the wall and the contained material 
<{> --- angle of surcharge of the surface of the material 
ji angle between wall and horizontal. 

20 
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The total pressure on the back of the WaJ is given by 




P 

cos 


( 5 ) 


and the line of application of makes an angle of (90 deg. — //) with the back 
of the wall. The corresponding force parallel to the wall is 


F ~ Pi sin /i — P tan /t . , • (b) 

These general formulae can be modified to suit the various conditions met 
wi*h in practice, when usually the friction between the wall and the material is 
neglected. This modification results in a higher normal pressure and is therefore 
on the safe side. It is advocated that for general cases the effect of friction 
should be neglected, and imperatively so in aP cases where the material in contact 



(a) WALL INCLINED 
OUTWARDS. 


(b) VERTICAL 
WALL. 


(c)WALL INCLINED 
INWARDS. 


Fig. 2.—Pressure on Walls. 


with the wall can become saturated and thus reduce the friction practically to 
zero or to an uncertain figure. Only in the cases where dry coal, dry sand, grain, 
cement, or other materials of well-known properties, are being stored, should 
friction be accounted as relieving the wall of pressure. 

When friction is neglected (i.e. /j, = zero) formula (4) reduces to 



^ r sin (/? - 0 ) y I 

L(n + i) sin sin 

• ( 4 «; 

where 

/sin 0 sin (0 — 

• V sin ^ sin (fi — <f>) 


Similarly 

Pi = P and F = 0 . 

(5a) and (6a) 

For sloping walls the pressures are determined by substituting the known 
factors in either formula (4) or {4^) depending on whether friction is included 

or not. 
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2.—Pressures on Vertical Walls. 

Friction Neglected. —Generally in the case of earth-retaining walls and 
bunker walls the wall is vertical and the introduction of /? — 90 deg. into formula 
(4a) in which friction is neglected results in the expressions (7), (8), (9), and (10) 
which give the factors for determining the intensity of horizontal pressure at 
any depth h for the limiting conditions of maximum positive surcharge ((f> =z 0), 
level fill {<f> == zero), and maximum negative surcharge = — 0), and for the 
general condition of any surcharge <(>. 

Maximum positive surcharge 



ki = cos^O ..... 

• • (7) 

Level fiU 

, I ~ sin 0 

^2 “ —^^ .... 

I f sm 0 

■ • (8) 

Maximum negative surcharge 



COS0 j 

Li + V2.sin 0j 

• • ( 9 ) 

Any surcharge 

-cr^T ■ ■ ■ ■ 

• (10) 

where 

n ~ Vsin '^0 — J tan (f> sin 2O. 



Values of k^, k^, and for various angles of repose (expressed in degrees 
and as gradients) are given on Table No. 5, together with the various soils, grains, 
coals, etc., that correspond to these angles. For ordinary earth retaining wall 
problems with level fill, the value of is usually taken as 0*27, and, considering 
the weight of earth as 100 lb, per cubic foot, the corresponding intensity of hori¬ 
zontal pressure is 27 lb. per square foot per foot of height. Reference should be 
made also to Chapter VII for further particulars on the properties of coal, etc. 

Friction Included. —When friction between the contained material and 
the back of a vertical wall is allowed for, the formulae for the factors for determining 
the pressure intensity normal to a vertical wall are as follows ; 

Maximum positive surcharge 

ki ~ cos 20 ....... (7) 

Level fill 



where w = Vsin 0 (sin 0 + cos 0 tan /i). 

Maxirnum negative surcharge 



where n is as in {Sa), 
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Any surcharge 


where 


/ cos 0 \* 

\nTi) 


__ + /^) ~ 


cos /i. cos <f) 


, (10a) 


Generally accepted values of /i, 0 , and w for such dry materials as finely- 
ground cement, coal, grain, sand, and ashes are given on Table No. 5, and for these 
materials the values of K^, and k^w, etc.) are tabulated, having been 

calculated in accordance with formulae (7), (8a) and {ga). From these values 
of K can be computed the intensity of horizontal pressure : p ^ Kh. If H is 

the total height of the wall, the total horizontal pressure is given by P — p~, 

and the total thrust on the wall acting at an angle fx to the horizontal is given 

by I\ = . 

cos 


3 .—Surcharge. 

Non-Level Fill.—As will be seen from the tabulated values of the pressure 
factors, the amount of surcharge of tl.e surface of the hlling behind the wall has 
a marked effect on the magnitude of the pressure. For all practical purposes 
any alteration of the profile of the fiU beyond the point B, Fig. 3(a), or any 
additional loading beyond this point, has little or no effect upon the pressure 
on the wall. The general formula takes account of the surcliarge due to any fill 
profile lying between the limits DB and DB^. 

When the surface of the filling is not unifonnly sloped, special treatment 
is required. In the common cases depicted in Figs. 3(6) and 3(c) the magnitude 
of the pressure on the wall is somewhere between that due to level fill and maximum 
positive natural surcharge. On Table No. 5 empirical expressions are suggested 
that allow for the increase of pressure due to these types of intermediate sur¬ 
charges. The total pressure on the wall is augmented above that for a level 
fill by an amount proportional to the mean increase in head of material. Such 
surcharges give zero pressure at the top of the wall, and the centre of total pressure 
will be at one-third of the total height. 

Superimposed Load on Filling.—When the fill behind a wall is level but 
liable to subjection to self-retaining superloads, such as stacked materials, traffic, 
or buildings, the total superload should be converted into an c([uivalent head of 
the same material as that retained by the wall, and tlic pressure intensity on 
the back of the wall augmented uniformly throughout the depth of the wall. 
Thus there will be a definite intensity of pressure at the top of the wall; these 
conditions are illustrated in Fig. 3(i) and indicated on Table No. 5. 

Surcharge beyond Natural Angle of Repose.- A type of surcharge not 
covered by the foregoing observations and formulae is that shown in Fig. 

In this case the angle of surcharge exceeds the natural angle of repose, as may 
occur by artificially protecting a bank of earth by turfing or stone pitching. 
For sucli a case it has been suggested that the weight of earth W above the 
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Fig. 3.—Surcharges on Walls. 

angle of repose, represented by the triangle BCD, should be considered as a point 
load operating at the top of the wall. The magnitude of the resultant horizontal 
thrust T and increase in pressure would be as shown in Fig. 3(^), and each section 
of the wall should be designed for the extra moment due to T. 

Point Load.—A single point superload on the filling behind a wall is best 
dealt with as a problem in dispersion, and, considering 45 deg. as a reasonable 
angle of dispersion, the pressure intensity additional to the pressure due to the 
filling alone is indicated in Fig. 4. 


4 .—Experimental Data. 

Active Pressures.—In general practice in Great Britain, earth pressures 
are determined by the purely theoretical formulae of Rankine, Cain, and Coulomb. 
Many investigators, working with a sand filling, have experimented on model 
walls in order to determine what relation actual pressures bear to the theoretical 
pressures. The unanimous conclusion is that the Rankine formula gives too 
great a value for the pressure exerted, and thus retaining walls designed on this 
formula err on the side of safety. The theoretical deduction assumes that the 
angle of internal friction and the surface angle of repose are identical, whereas 
Crosthwaite and other investigators have found that the friction angle is less 
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than the angle of repose and depends on the consolidation of the material. The 
ratio between the internal friction angle and the natural angle is approximately 
0*9 to I according to experiments carried om at the University of Cincinnati. 

For level fills the horizontal pressure is given by Coulomb's formula (a special 
case of the general formula) in the form 

P = wh. tan*^45® — This is formula No. 8 in another form and agrees 

very closely with actual pressures if the angle of internal friction is substituted 
for the natural angle of repose. The maximum pressure seems to occur immedi- 
ately after back-filling has been completed, and the pressure decreases as 
settling proceeds. 

The measured vertical component of the pressure on the back of the wall 
appears to conform to the theoretical relarionship V = P tan /a, where P = 



horizontal pressure and fi is the independently determined angle of friction 
between the wall and filling. A rise in temp>erature produces measurable increases 
in pressure, the increase being of the order of i per cent, per 10 deg. F. 

The point of application of the resultant thrust on walls with level fills 

appears to be at the theoretical height of for shallow fills, and accord¬ 

ing to the Cincinnati tests rises with time and with increased depth of fiU. 
According to the Feld-Moncrieff investigations the height of application is at 
the third-point for negative surcharge and level fills, but rises with increase of 
angle of surcharge. 

Some investigators report that supcrloading beyond the plane of rupture 
increases the pressure on the wall, and others come to the conclusion that loads 
outside the wedge ordinarily considered can be neglected. The increase of 
pressure due to incidental superloading remains after the load is removed. For 



26 


REINFORCED CONCRETE DESIGNERS* HANDBOOK 


walls surcharged by the slope of earth behind them the wedge theory seems 
to give results almost 30 per cent, in excess of measured values. 

The discrepancies between theoretical and observed results relating to earth 
pressures are explained in part by soil mechanics principles. In particular, clays 
do not conform to theories evolved for non-cohesive soils. Bellas theories for 
clays are given below and on page 218. 

Active Pressure from Clay.—Mr. A. L. Bell has shown that Rankine’s 
formula is inadmissible for pressures due to clay, and gives the following expression 
for the intensity of pressure at any depth h : 

p = wh ^ 


where the factors k and a have the following values : 

Very soft puddled clay : k — 450 lb. per square foot a - zero 
Soft puddled clay: 670 ,, ,, ,, 3 degrees 

Moderately firm clay: 1120 ,, ,, ,, 5 

Stiff clay: 1570 ,, ,, ,, 7 

Very stiff boulder clay: 3600 ,, ,, ,, 16 ,, 


5 .—Deep Containers. 


Limiting Depths.—The foregoing observations and formuhe for the pressures 
on walls of containers refer only to retaining walls and shallow containers. In 




fal SHALLOW CONTAINS Cb) DEEP CONTAINER 

Fig, 5.~Sil08. 

deep containers such as tall grain silos, the arching effect of the contained material 
considerably reduces the horizontal pressure, so that the principle that the pressure 
is proportional to the depth of filling no longer holds good. The limiting con¬ 
dition that determines whether any particular container shall be considered as 
shallow '* or deep ** (that is, as a bunker ** or as a silo '*) is that if the plane 
of rupture strikes the opposite wall before reaching the free surface, as in Fig, 5(6), 



PRESSURES DUE TO RETAINED MATERIALS 


the container can be treated as ‘‘ deep/' If otherwise, as in Fig. 5(a), the container 
must be considered as ** shallow," 

The theoretical minimum depth of a " deep " container is given by 

^ = Z)ftan 0 + /tan 0— 

\ V tan 0 + tan fi) 

where D is the least breadth of the container. 

For grain the least depth is theoretically equal to approximately onc-and- 
a-quarter times the breadth of the container, and for cement equal to approx¬ 
imately one-and-a-half times the breadth. During the emptying process the 
arching action on which pressure reduction depends is completely destroyed, 
and pressures appreciably in excess of the theoretically determined pressures 
are obtained. It would seem therefore that for absolute security no container 
that is not at least twice as deep as it is wide should be treated as a " silo." 

Pressures in Silos. —The value and variation of value of the pressure in 
silos is usually computed by either Janssen's formula or Airy's formula. The 
former gives results slightly less than the latter and in its general form is as 
follows : 

^ tan/^V 

where 

p — horizontal pressure in lb. per square foot 
w — weight in lb. per cubic foot of material 

Q — ratio of plan area in sq. ft. to perimeter in ft. of bin = — 


= angle of friction between wall and material, and 
= the number whose common log. is 


where 

K = ratio of horizontal to vertical pressures, and 
H “ depth of filling in feet at point considered. 

The vertical pressure (lb, square foot) on any horizontal section of the 
material is given by 

v^t 

K 

Therefore the total pressure on any horizontal i)lane is ^ , and the load 


lb. per foot 


transferred to the walls of the container by friction is lb. per foot 

run of wall. 

For grailular materials such as grain and cement a value oi K — 0*5 is usually 
adopted, and a value of tan fx = 0-444. Table No. 6 gives the magnitude of 

p 

C — F. {ox various values of Q and H, incorporating these values of K and tan 


For circular, square, or regular polygonal containers, Q —— where D 

4 
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D 


diameter or distance between opposite faces of the container, and the following 
expressions apply for grain at 48 lb. per cubic foot: 

N — the number whose common log. is ^ 

p = 27D^i — lb. per square foot 

F = 2^ lb. per square foot, 
and the load carried by the walls at any depth H 


= (12H — 0‘5p)D lb. per foot run. 

From an inspection of the data on Table No. 6 it will be seen that the pressure 
increases very little below a depth of three times the least width of the container. 
Tests have indicated'that the maximum pressures occur in silos during filling, 
and are somewhat greater for a bin filled rapidly than one filled slowly. 


6.—Passive Resistance. 

The whole of the foregoing remarks on the horizontal pressure exerted by 
contained or retained filling concern the active pressures due to such filling. 
If a horizontal pressure in excess of this active pressure is applied to the vertical 
face of a retained bulk of granular material, the passive resistance of the material 
is brought into action. Up to a limit, determined by the characteristics of the 
particular materia!, the passive resistance will be equal to the applied pressure ; 
the maximum value the resistance can attain for a granular material with a level 
surface is given theoretically by the reciprocal of the Rankine active pressure 
coefficient, that is. 



where p^ = maximum passive resistance at any depth 
w = weight per cubic foot of material 
0 = angle of repose 

= the coefficient given on Table No. 5. 

It is not easy to assess a practicable working value for the passive resistance 
when the siu*face of the material is other than level, and it is advisable never to 
assume a value exceeding the value above and to use discretion when the surface 
has a negative surcharge, in which case the passive resistance may be very 
small. 

The passive resistance of earth has to be taken into account when considering 
the resistance to sliding in retaining wall design, when dealing with the forces 
acting on sheet piling, and when designing earth anchorages, but in these cases 
careful consideration must be given to those factors that may reduce the probable 
passive resistance to a value approaching more nearly the active pressure. The 
chief of these factors is wetness. Abnormal dryness may cause clayey soils to 
shrink away from the surface of the structure, thus necessitating a sm^ but most 
imdesirable movement of the structure before the passive resistance is brought 
into play. 
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7.—Pfessures due to Materials In Water. 

Horizontal Pressures. —When a material such as coal or broken stone 
is stored fully immersed in liquid the intensity of horizontal pressure on the 
side of the container is given by the expression 

p - - •)(! - n] 

where Wj^ = weight per cubic foot of the liquid (lb.) 

= weight per cubic foot of the solid material (lb.) 

V = ratio of volume of voids in any given volume of the 
dry material 

k == horizontal pressure factor depending on the profile of the fill and 
the angle of repose of dry material (= factors Aj, A,, or 
on Table No. 5) 

h = depth (ft.) from top of submerged material to level at which 
pressure is being calculated. 

If the surface of the liquid is at a distance A® ft. above the top of the submerged 
material, there will be an additional pressure at any depth equal to Thus, 

for a material submerged in water, the total intensity of pressure at any depth 
Ao + h below the surface of the liquid will be 

Pt = 62-4(Ao + hF) 
where F = j^i 4* 

which is dependent on the characteristics of the submerged material. 

The foregoing expressions only apply to substances whose angle of repose 
is not materially affected by submergence. When dealing with materials such 
as sand, of which the angle of repose has a definite value when it is dry but becomes 
zero when it is saturated, the intensity of horizontal pressure becomes 

p + (1= - i)(i - K)], 

and wlien immersed in water 

The values of p (lb. per square foot) for unit value of h for characteristic materials 
immersed in water and with level fill are as follows: 



i 

Angle 


Percentage of voids ( —loo 1') 


Material 

Weight solUl 
(Ib. per cu. ft.) 

of 

repose 


-. 1 

j 

- 

- • 




{<leg.) 

25 

30 

1 35 

1 

40 

45 

50 

Crushed Coal .... 

8 o 

35 

66 

65i 

65i 

65i 

65 

: <>4i 

Broken Stone .... 

l 6 o 

35 

82 

8 i I 

79i 

7H 

77 

1 76 

Sand. 

l 6 o 


135 

130 

J25 

122 

\ \ 

116 

1 m 


When materials lighter than water are stored in water, the horizontal pressure 
on the walls of the container is equal to the simple hydrostatic pressure wji. 
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Vertical Pressures.— When materials heavier than a given liquid are 
submerged, the vertical pressure on the bottom of the container is the weight 
of material in bulk together with the weight of liquid in the voids and the weight 
of liquid above the top of submerged material, that is, 

Pv = V) + Wj^V] + Wjho 

where ^ depth (ft.) of submerged material. 

When material stored in a given liquid floats in the liquid, the vertical 
pressure on the bottom of the container is given by the product of the weight 
per cubic foot of the liquid and the total depth of the liquid. 
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BENDING MOMENT AND SHEARING FORCE 


1 .—Bending Moment, Shear, and Deflection. 


Deflnitions.—The moment at any section in a member subject to flexure is 
defined as the algebraic sum of the moments of all loads and reactions to the 
left (or right) of the section considered, and the shear force at any section is the 
algebraic sum of all the loads and reactions to the left (or right) of the section. 
The shear force at any section can thus be expressed as the rate of change of 
bending moment at the section ; expressed mathematically, bending moment is 
the first integral of shear, which in turn is the first integral of the load. It follows 
from the definition of shear that the point of zero shear is the point of maximum 
bending moment. 

From considerations of the theory of elastic flexuial deformations it is 
shown that the rate of change of the slope at any point in a beam is expressed 
M 

by the value of the factor for that point, where M == bending moment, 


/ = moment of inertia, and E = elastic modulus. Thus slope is the first integral 
M 

of —^ and the first integral of the expression for the slope at any point in the 
EV 


beam represents the expression for the elastic deflection. 

Cantilevers and Single Span Beams.—For a cantilever or for a single-span 
beam simply supported (that is without restraint) at its two extremities, the 
practical interpretation of the foregoing mathematical definitions of bending 
moment and shear force at any section is a simple matter. On Table No. 7 are 
tabulated the maximum bending moments and end shears (that is, reactions on 
the supports) produced by various commonly occurring loads carried on cantilevers 
and single-span freely-supported beams. 

Propped Cantilevers.—A beam with one end fixed and one end freely 
supported can be considered as a cantilever subject to two distinct systems of 
loading: 

(i) the imposed load 

(ii) a point load (the reaction on the prop) 

the magnitude of which is such as would give the same end deflection upwards 
on a cantilever as the downward deflection produced by the imposed load. For 
the loaded cantilevers tabulated on Table No. 7 the maximum deflection co¬ 
efficients are given, as are also the moments and reactions produced by similar 
loads on single-span beams fixed at one end and simply supported at the other. 
For cases of loading other than those tabulated, the deflections can be found 
from the expressions given on Table No. 7A (p. 225). 

31 
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The values of / and E that should be adopted are discussed in Chapters V 
and IX, but when comparative deflections are required the exact numerical 
values of these factors do not enter into the calculation. The method of applying 
these deflection formula is illustrated in the following example. 

To find the reaction in the prop at B and the bending moment at A for a 
beam loaded as shown in Fig. 6. 


lOTONS 



Fig. 6.—Propped Cantilever. 


The expression {a) given on Table No. 7A is applicable for determining the 
end deflection of a lo-ft. cantilever supporting a load placed 7 ft. from the support. 

that is, d = = 0*7 

10 


^ _ 07^(3 - o 7)IEL3 jyjr 3 

d --=: 0.188—. 


From Table No. 7 the deflection at the end of a cantilever subjected to a 

RL^ 

point load R located at its extremity is given by , and since this deflection 

SEI 

must equal d 


o-i88—~ ; therefore R ^ 0*188 x 3W — 0-5641^ 

El ^EI ^ 

hence R — 5*64 tons, which is the reaction on the prop at B and 
tlie shear at this end of tlie beam. The shear at A will be 10 - - 5 64 ^ 4*36 tons. 

The l>ending moment at A will be the algebraic* sum of the moments of 
R and W about A, that is 


B.M. == (5-64 X 10) — (10 X 7) = — 13*6 foot-tons. 

From these values the complete bending moment and shear diagram can be 
drawn similarly to those on Eig, 7 for uniformly distributed loads. 

Fixed Beams. —The bending moment diagram for an encastre beam, that 
is, one fixed at both ends, is derived from the principle that the area of the bending 
moment diagram due to the same imposed load on a freely-supported beam of 
equal span (the " free-moment " diagram) is equal to the area of the restraint 
moment diagram; the centroids of the two diagrams should be vertically one 
above the other. The shape of the free-mornent diagram depends upon the 
characteristics of the imposed load, but the restraint-moment diagram is a 
trapezium. For loads symmetrically disposed on the beam the centroid of the 
free-moment diagram will be above the mid-point of the span, and thus the 
restraint-moment diagram will be a rectangle, giving at each support identical 
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restraint moments each equal to the mean height of the free B.M. diagram. Typical 
bending moment and shear force diagrams for cantilevers, propped cantilevers, 
freely-supported beams, and encastr 4 beams are iUustrated in Fig. 7 together 
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in bending moment. The shear due to the restraint moment alone is constant 
throughout the length of the beam, and is equal to the difference between the 
two end moments divided by the span. This shear should be algebraically added 
to the shear due to the imposed load, the latter shear being determined as if the 
beam were simply supported; that is, the resultant reactions at either support 
will be the sum or difference of the restraint-moment shear and the free-moment 
shear. 

With a symmetrically loaded beam with both ends fixed, the restraint 
moments at each end being the same, the shear due to these moments considered 
alone is zero ; therefore the resultant shear force variation is identical with that 
for the same beam freely supported, and the end reactions are both equal to 
half the total load on the beam. The reactions and maximum bending moments 
in encastr^ beams carrying ordinary types of loading are given on Table No. 7, 
while the same particulars for triangular loading, such as is met with in the 
design of tanks and other containers, are given on Table No. 7B. 


2.—Continuous Beams. 

Theoretical Consideration. —The bendingi moment in a beam continuous 
over two or more spans is ordinarily calculated !by the Three Moment Theorem 
(or can be derived from the general formulae for itiembers subject to flexure given 
in Chapter V). In its general form, Clapeyron's Theorem of Three Moments for 
any two successive continuous spans is expressed by 

J " [Jj:. ■ J 

where, referring to Fig, 8 , 

M^, and Mq = bending moments at supports A, B, and C 

and = moment of inertia of spans Li and L* respectively 
deflection of each support from original position of 
beam 

AI and A2 — area of free moment diagrams for loads on span 
Lj and L, respectively 

Zi and Z2 — position of centroid of Ai and A 2 respectively. 

For the usual consideration of level supports this general expression be¬ 
comes 




+ 




ll,L, ^ /.L, J 


If the moment of inertia of the beam thtoughout the two spans is assumed 
to be constant, the formvda reduces to 


AfjLi A- Lf) -h MqLx 


4 - — ^*)”1 

L^ J \_L, L, J 
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and with level supports and constant moment of inertia (the conditions usually 
approximated to in normal design) the Three Moment Theorem becomes 

MJ., + + I.) + AfoL. = - 6 ^^ + 

If the load is uniformly distributed and equal throughout the two spans 
considered, and assuming level supports and constant moment of inertia, the 
following formula applies: 

MjL, + 2Mj,{L, + L.) + Mel, = + T.*) 

4 

where w = load per foot run of beam. 

The shear force variation can be determined by first considering each span 



Fig. S.—Contiiiuous Beams. 


as freely supported and algebraically adding the rate of change of restraint 
moment for the span considered. For example, if is the total load on span 

AB, the free beam shear at A is — and at B is — where 

Li Lj 

Zo = distance from A to centre of gravity of the load. The restraint moment 


shear is constant throughout the span and = 



The resultant 


shear at A is given by 




and at B is 7 . = - 

* T, 



D 
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When the known factors relative to load, span, moment of inertia, and 
relative levels of the supports are substituted in the appropriate general moment 
formula, an expression for three unknown moments is obtained for any pair of 
spans. That is, for n spans, n — i equations can be obtained containing n + i 
unknowns (the moments at w + i supports). The two excess unknowns repre¬ 
sent the moments at the end supports, and if these moments are known or can 
be assumed the moments at the intermediate supports can be determined. Thus 
for a freely-supported end the moment would be zero, and the unknown repre¬ 
senting the moment at a free support would automatically disappear. For a 
perfectly fixed end the moments can be determined if an addition^ span is con¬ 
sidered continuous at the fixed end. This additional span should be identical 
in length, loading, etc., with the original end span except that the loading is 
so arranged as to produce S3mimetry about the original end support with the 
loading on the original end span. The moment at the new end support should 
be considered equal to that at the original penultimate support, and thus an 
additional equation is obtained without introducing a further unknown. 

A numerical example will illustrate the application of the Three Moment 



1^*^4000 1^ * ^OOOSOOO INS ^ 

Fig. 9.—Continuous Beam Example. 


Theorem in determining the support moments for the beam system indicated in 
Fig. 9. Assuming level supports, the appropriate formula for spans AB and BC is 

and for spans BC and CD 


- . _ f- . 10 

For span AB, — =- = 0*0025 

4000 

Ax leiLx* 1000 X io» 


Lx 


24 


24 


= 4,170 ft.-lb. 


8 z 8 

z, = ~Lx ; thus A = — X 0-0025 = 0-00133. 
15 -*1 ^5" 


Hence 


IxLx 


■■ 4170 X 0-00133 = 5-55. 
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For span BC. ^ = 0 0025 

d! = “'drd (from Table No. 70) = = 28,125 ft.-lb. 

i» 12 ' 12 


_ Ti_L» — Zt 

7 ," 2/. /. 


0-5 X 0-0025 = 0-00125. 


Hence d^* = ddd^L—!.*i = 28.125 x 0 00125 = 35 i56. 

ijLj ^1^2 


la 12 


For span CD, ~- = 

/a 5000 


= 0*0024 


ze^aCa* 1200 X 12* 


Zs 


24 


24 


= 7,200 ft.-lb. 


—Lt; thus ~ 

15 


—— 5 ! = — X'00024 

/, 15 


0-00128. 


Hence -^ = 7,200 x 0-00128 = 9-21. 

IfTt 

If the beam is simply supported at A and D, Mj) = zero, and sub¬ 


stituting known values in (i) and (2), we obfain 

2Mb(o-o025 + 0-0025) -f- o-oo 25M<, = — (5-55 -f 3516)6 . . (3) 

o-oo25Mg + 2Mc(o-oo25 + 0-0024) = — (35’i6 + 9-21)6 . . (4) 

Thus 

o-oiooMj -f- o-oozsMf, = — 244.(5) 

0-0025Af3 -f o-oo98Af(j = — 2^.(6) 

Multiplying (6) by = 4 

o*oiooAf B + o*0392Af^ = — 1064.(7) 


Subtracting (5) from (7) 

0*03673/^ = — 820 
Hence Mq = ~ 22,400 ft.-lb. 

By substituting in (5) 

o*oiooAf^ = — 244 — 55 = — 189. 

Hence = — 18,900 ft.-lb. 

When the negative (or positive) support moments have been calculated, 
the diagram of the continuity moments is combined with the diagram of 
'' free moments " and the resulting bending moments on the beam system are 
obtained. 

Bending Moment and Shear Force Coefficients—Equal Spans.—^The 
value of the bending moments at the support and in the spans depends upon 
the incidence of live loading, and for equal spans or with spans approximately 
equal the disposition*of live loading given in Fig, 10(a) gives the maximum 
positive bending moment at midspan, and that given in Fig, io{b) results in 
the maximum negative bending moment at a supjport. On Table No. 8 are given 
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the values of the coefficients f---j for the bending moments 

\total load and span/ 

at the middle of each span and at each support for two, three, four, and . five 
or more continuous equal spans carrying identical loading on each span, which 
is the usual disposition of the dead loading on a beam system. The coefficients 
for the maximum bending moments at midspan and support for any incidence 
of loading are also tabulated, the types of loading considered being a uniformly 
distributed load, a single point load at mid-span, and point loads at the two third- 
points of the span. These theoretical bending moments are sometimes adjusted 
to reduce the peak negative bending moments. The latter can be reduced by 
15 per cent, if the numerical value of the reduction is added to the positive 
bending moments in the two adjacent spans. This adjustment is of great con¬ 
venience when it is desired to reduce the inequality between the negative and 
positive bending moments, this being specially desirable in slab design where 
the same section is used at midspan and the supports. 

The London By-laws and the Code of Practice allow incidences of live 
loadings slightly less severe than those given in Fig, 10, as when calculating the 
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(O) MAXIMUM POSITIVE 5.M. IN 5PAN A B. 


jTiriTn^ 
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Fig. 10. 


(b) MAXIMUM NCeAXIVC B.M. AT SUPPORT A 
-Incidence of Loading to Produce Maximum Moments. 


maximum negative bending moments at any support only the spans immediately 
on either side of the support under consideration need be loaded. This only 
affects the coefficients for four or more continuous spans and the reduction is 
usually much less than 5 per cent. For a fully comprehensive series of tables 
giving the bending moment and shear force coefficients for dead and live loads and 
various ratios of dead and live loads, and allowing for various degrees of negative 
moment adjustment, the reader is referred to the author's “ Practical Examples 
of Reinforced Concrete Design." 

The shear forces produced by a uniformly distributed loading when M spans 
are loaded, together with the maximum shears due to any incidence of such 
loading, are also tabulated on Table No. 8. 

Bending Moment Coefficients—Unequal Spans. —The factors on Table 
No. 9 have been prepared to facilitate the calculation of the support moments 
in beams with constant moment of inertia and continuous over two, three, or 
four equal or unequal spans, and carrying almost any type or incidence of live 
and dead loads. The basis of the method is that the loading on any span of 
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a given system can be divided into one or more of the types shown on Table No. 9. 
Other t3q:)es of loading can be allowed for thus : Partially distributed load at one 
end of span gives coefficients between those for {a) and (c) ; Three or more equal 
point loads give coefficients between those for (a) and {e). 

A given beam system can be divided into a series of identical systems each 
with only one span loaded with one type of load. Each of these loads produces 
a certain bending moment at each support, the total bending moment at any 
support being the algebraic sum of the moments due to each type of load. When 
the support moments are known, the mid-span moments can be calculated or 
determined graphically therefrom. 

For equal spans the bending moment at any support due to any one span 
loaded with any one type of load is given by 

Ms = load factor (F) x support moment coefficient (Q) 

X total load (W) x span (L). 

The total moment at. any support — 

For unequal spans the method is similar to that for equal spans, except for 
the introduction of the " moment-multiplier/' U, which varies with the support 
being treated and for the particular loaded span, and depends on the ratio that 
each span bears to the base span. Thus for unequal spans 

Ms = UFQ . WL. 

If one type of load extends equally over all spans of a system of equal spans, 
the loading need not be divided into separate span loads, as the values of Q 
tabulated for this condition apply. 

Moment-Distribution applied to Continuous Beams. —The bending 
moments at supports of beams continuous over any number of equal or unequal 
spans, with any type of loading, and with different moment of inertia in each 
span, can be calculated directly by moment-distribution methods. Formulse for 
particular supports in systems of two spans and upwards are given on Table 
No. 11 A. The basic formula is that for any interior support C in four or more 
spans. This formula is based on two distributing and carry-over operations, 
and the results are within 5 per cent, of, those obtained by more tedious solutions. 
All terms substituted in the tabulated formulae are positive numerical values. 
If the resultant sign of the support bending moment is negative, tension in the 
top edge of the beam is indicated. The formulae are applicable to all spans 
loaded, or to one or more spans only loaded. 

Two conditions of end support are allowed for, namely, complete fixity and 
free support. For any other conditions, such as cantilevered beyond end support, 
or continuity with an exterior column, the support moments due to the loaded 
spans are first calculated assuming free support at the end support, and an adjust¬ 
ment made to the penultimate support bending moment (as indicated on Table 
No. iia) for the externally-applied bending moment at the end support. The 
externally-applied bending moment is the cantilever bending moment in the case 
of a beam overhanging beyond an end support. If the beam is monolithic with 
an interior column, the externally-applied bending moment can be calculated from 
the appropriate formulse given on Table No. 15 (p. 245^). The bending moment at 
the end support is, of course, the externally-applied bending moment. The 
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general principles of moment-distribution are given on Table No. i6a (p, 248) but 
the difference in sign convention should be observed. 

Continuous Beams with Varying Moments of Inertia.—^The forcing 
considerations have particular application to beams that have a constant moment 
of inertia throughout the span and, although strictly speaking the moment 
of inertia of a reinforced concrete beam of constant depth may vary not 
inconsiderably at various sections, it is usual to neglect these variations in practice 
both for beams having equal depth throughout and for beams having normally 
proportioned haunches at the supports. 

Where the depth of a beam system varies beyond these limits, neglect of 
the variation of moment of inertia in the bending moment calculations leads to 
results that differ considerably from the probable moments. When the moment 
of inertia is practically constant throughout each span of a System of continuous 
beams, but differs in one span relative to another, the general formula given on 
pages 34 and 36 and on Table No. iia for these conditions is applicable, but 
when the moment of inertia varies within the length of each span the semi-graphical 
method given on Table No. 10 should be employed. 

If the moment of inertia varies throughout the span in such a way that 
it can be represented by a simple equation, the general Three Moment Theorem 


can be used if ~ is substituted for M and if the area of the y diagram is taken 
instead of the area of the free moment diagram. The solution of the derived 
simultaneous equations will then give values of enabling a 


M 

complete — diagram for the beam system to be constructed, for which the 


moment at any section can be readily obtained by multiplying the appropriate 
M 

ordinate of the y diagram by the moment of inertia at the section. 


When time or other circumstances do not permit these methods to be followed, 
and the bending moments are calculated upon the assumption of constant moment 
of inertia, some adjustment can be made for the effect of the neglected factor 
if it is borne in mind that an increase in the moment of inertia in the vicinity 
of the support will cause an increase in the bending moment at that support 
and a consequent decrease in the positive bending moments in the adjacent 
spans, and vice versa. As a guide in making the adjustment the approximate 
factors given on Table No. 10, representing the percentage addition to or deduction 
from the calculated moments, can be employed. 

Approximate Bending Moment Coefficients .-^The precise determination 
of the theoretical moments in continuous beams involves much mathematical 
labour, except in certain cases that occur often enough to warrant tabulation. 
Having regard to the assumptions of unyielding knife-edge supports and probably 
constant moment of inertia that are involved in the theoretical elastic analysis, 
the probability of the mathematically obtained moments being greater or less 
than those actually realised should be considered. The effect of variation of 
moment of inertia has been discussed in the preceding paragraph, and of equal 
importance is the consideration of the characteristics of the support. 
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The following factors cause a decrease in the negative moment at a support: 

(а) Yielding of the support considered relative to adjacent supports, and 

consequently an increase in the positive moment in the adjacent 
spans. 

(б) Supports of considerable width. 

(c) Support and beam monolithic. 

Likewise sinking of one or both of the adjacent supports can cause an increase 
in the negative moment at a support and consequently a decree in the positive 
moment in the adjacent span. Yielding of one support relative to the neighbour¬ 
ing ones may be sufficient to convert the moment at that support into a positive 
moment. 

When the moments have been calculated with spans equal to the distance 
between centres of supports, the critical moment can be considered as that 
occurring at the edge of the support. When the suppons are of considerable 
width the span can be considered as the clear distance between the supports 
plus the depth of beam, and an additional span introduced equal to the width 
of the support minus the depth of the beam. The loading on this additional 
intermediate span can be considered as the reaction on the support spread 
uniformly along the part of the beam over the support. When a be^ is 
constructed monolithic with a very wide and massive support the continuity effect 
of the span or spans beyond the support may be negligible, in which case the beam 
should be treated as fixed at the support. 

Other cases of beams being constructed monolithic with a support of moderate 
size, such as in normal beam and colunm construction, are dealt with in the 
following chapter, but in these-cases the moment at the support section of 
the beam is never more than the moment calculated by the Three Moment 
Theorem, 

The indeterminate nature of the actusd moments produced leads in practice 
to the adoption of approximate bending moment coefficients for continuous 
beams of approximately equal spans and with tmiformly distributed loads, and 
the commonly accepted coefficients are given on Table No. 10. These coefficients 
can be applied to the total load on the span, or can be used to determine the 
moments due to dead and live loading separately. In the table the coefficients 
have been extended to give the values for normal ratios of dead to live tmiformly 
distributed loads. The use of the lower coefficients given in the column headed 
" Total Load " conforms to the requirements of the London By-laws. 

Graphical Determination of Bending Moments.—A commonly.adopted 
method of finding the distribution of bending moments on a continuous beam 
is by a graphical method based on the determination of " fixed points." The 
basis of the method, which is fully described on Table No. ii. Is that there is 
a point (termed the " fixed point") adjacent to the left-hand support of any 
span of a continuous system at which the moment is unaffected by any alteration 
in the bending moment at the right-hand support. A similar point occurs near 
the right-hand support, the moment at this point being unaffected by alteration 
in the moment ait the left-hand support. When a beam is rigidly fixed at a 
support the " fixed point " is one-third of the span from that support, and when 
fipftdiy supported the fixed point coincides with the support. For intermediate 
conditions, of fixity the " fixed point" will be located between these extremes, 
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and the relative position of the left-hand (or right-hand) fixed points in two 
adjacent continuous spans (Fig, ii) is given by the expression 

* 3(^1 + L,)(L, - /,) ^ 

or /, can be found from li by a graphic construction. 



Fig. 11 .—Fixed Points. 

Upon combining the free moment diagram with the position of the fixed 
points for any given span, as described on Table No. ii, the resultant negative 
and positive moments throughout the beam system, due to this loaded span, 
can be determined, and by treating each span separately the envelopes of the 
maximum possible moments throughout the system can be readily developed. 

Influence Lines. —Moving (or rolling) loads, such as vehicular loads, that 
can traverse a system of continuous spans and can be in any position thereon, 
are best treated by influence line methods. An influence line is usually a curve 
with the beam span as a base, the ordinates of the curve at any selected point 
giving the value of the bending moment produced at some particular section of 
the beam when a unit load is acting at the selected point. Influence lines can 
be drawn for any section of the beam, and sufficient data are given on Tables 
Nos. 12 and 13 to enable the influence lines for the critical sections of beams 
continuous over two, three, four, or more spans to be constructed. By plotting 
the relative position of the load on the beam (drawn to scale) the moments at 
the section being considered are derived as explained in the example given on 
the page facing Table No. 13. The supplementary Tables Nos. 12A, 13A, and 
13B give curves which are more particularly directly applicable to equal spans, 
but upon which the curves for unequal spans are also plotted. The bending 
moment due to a load at any point is the ordinate of the influence line at that 
point multiplied by the product of the load and the short span. The influence 
lines are drawn for S3mimetrical inequality of spans and coefficients for span 
ratios not plotted can be interpolated. The symbols on each curve indicate the 
point and span ratios for which the curve is drawn. 

End Restraint. —In the preceding discussion on continuous beams it has 
been assumed that the beam is freely supported on the end supports. If, as is 
common in colunm and beam construction, the end of the beam is subject to 
a restraining moment due to monolithic construction, the positive and negative 
moment and shear will be affected throughout the beam, but principally in the 
first two spans. Table No. lOA (p. 230) has been compiled to give coefficients 
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by which the bending moments and shears can be adjusted when unit bending 
moment is applied to one or both ends of the beam. 

Mid-span Negative Bending Moments. —Rectangular and tee beams, and 
slabs such as bridge decks, where the ratio of live to dead load is high, should 
be designed for a possible negative bending moment at midspan equal to 

lb- 

24 

where Wi and Wjy — intensity of live and dead load respectively (lb. per sq. ft.), 

L = span (ft.), and 
k = 0*67 for beams and 0*50 for slabs. 

The limit of application of this formula is when adjacent spans vary by more 
than 20 iper cent. 

Slabs Spanning in One Direction. —The bending moments in slabs supported 
on two opposite sides are usually calculated in the same way as are beam moments, 
due account being taken of continuity where necessary. For slabs carrying 
uniformly distributed loads and continuous over approximately equal spans, the 
coefficients given on Table No. iob conform to the London By-laws. Other 
coefficients, allowing for the effect of haunches on the bending moments, are also 
tabulated. The coefficients given on Table Nc. 10 for beams continuous over 
approximately equal spans with various ratios of live to dead load, can also be 
applied to slabs. 

Spans can be considered equal if the difference between adjacent spans does 
not exceed 15 per cent, of the longer. Generally, the coefficients on Table No. iob 
can be adopted for any S5nnmetrical loading by making the adjustment indicated 
on the table. 

Even when a slab is nominally freely supported at a support, it is advisable 
to provide resistance to a negative bending moment at the support of not less 
wL^ 

than -. Although designed as spanning in one direction, a slab is also rein- 

24 

forced in a direction normal to the main reinforcement with distribution steel 
as described on page 159, 

The critical design section for a slab built monolithic with its support is usually 
at the face of the support, where the negative bending moment is slightly less 
than the calculated bending moment at the centre of the support. The amount 
by which the bending moment (in. lb.) can be reduced is 0-3356 

where s = shear force (lb.) at edge of support, and 
b = width of support (in.). 

3.—Slabs Spanning in Two Directions. 

Freely Supported on Four Edges. —^When a slab panel is supported other¬ 
wise than on two opposite sides only, the precise amount and distribution of load 
taken by each support (and consequently the bending moment in the slab) is not 
readily determinable with assumptions resembling practical conditions. Various 
empirical formulae and approximate theories have therefore been put forward 
with the object of calculating the bending moments induced in rectamgular slabs. 
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The most commonly used in this country are the Grashof and Ranine formula 
and the Pigeaud theory, or coefl&cienta closely resembling those obtained by 
application of these methods. For slabs uniformly loaded and freely supported 
on all four sides, the Grashof and Rankine formula is applicable, thus 

ii KsW = IFjb = proportion of load carried in direction of short span (Lb) ) 
W = total load on slab. 

KiW ~Wb — proportion of load carried in direction of long span (L^), 
k — ratio of long span to short span. 

Kb = and iiCi, = I - Kb- 

The usual limit of application of this formula is when ^ = 2, i.e. when the length 
of the panel equals twice the width ; beyond this limit the slab is considered as 
spanning across the short span only. In cases near the limit of k care should 
be taken to ensure that the amount of reinforcement in the long direction of the 
panel is not less than that required for the minimum amount of distribution steel 
(see p. 159). 

The Pigeaud theory, whicli is given in English texts by Mr. W. L. Scott, is 
based on consideration of thin plates with Poisson's ratio as zero ; it is unrestricted 
by the value of k, and is applicable to slabs nominally freely supported on all 
four sides if the comers are prevented from Hfting. 

On Table No, 14 the values of Kb and for ^ varying from i*o to 3-0 are 
tabulated apprc^cimately in accordance with the two methods mentioned. In 
normal practice it is recommended that the Grashof and Rankine coefficients 
should be used for slabs freely supported on four sides, and the Pigeaud coefficients 
when the comers are prevented from lifting or if the slab is continuous over the 
supports on all four sides. This practice conforms to the rules and coefficients 
given in the Memorandum relating to the London By-laws. 

Recommendations for the provision of comer reinforcement to resist the 
torsion occurring in the comers of the panel are given on Table No. 14, and such 
steel should be provided (normally by the reinforcement from adjacent panels) 
if the Pigeaud coefficients are used for calculating the principal bending moments. 

The Pigeaud method is also applicable to nominal point loading and 
partially distributed loading, as explained on Table No 14. 

Ratio of Spans for other Conditions of Support. —In deriving the 
methods just discussed, consideration is only given to slabs freely supported on 
four edges, and in practice the same subdivision of the loading is assumed when 
the slab is continuous or fixed along all four supports. The simplest way to 
allow for conditions of free support on some sides with continuity on other 
sides 

is by substituting for k = the expression 

short span 

^ _ longer equivalent span 
~ shorter equivalent span 

where the equivalent span is / times the actual span. Suggested values of / for 
various conditions of supports are given on TahU No. 14 and vary from 0*67 
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for a span continuous over both supports to 3*0 for a cantilever, with unity for 
a span freely supported at both ends. This method approximates very closely 
to attempts to calculate theoretically the effect of continuity over some of the 
supports, and in its adoption it should be observed that the shorter actual span 
constitute free support and which can be considered as continuous " is 
discussed on p. 46. 


Bending Moment for any Conditions of Support.—When a slab canning 
a uniformly distributed load and spanning in two directions is freely supported 

on all four sides the bending moment across the short span will be 


-p-and 


across the long span 


8 


-, where Wg and Wr are determined from the Grashof 


and Rankine formulae and where = short span and = long span. 

For a slab continuous over all four edges the lower coefficients given by 
the Pigeaud method are applicable, and the n^ative bending moment over 


the supports is then equal to 


8 


for the support normal to the short span 


and equal to 


8 


for the support normal to the long span. 


The midspan 


positive bending moment can be taken as 80 per cent, of these values. Thus 


the short span midspan moment is 


10 


and the long span midspan moment is 




10 


, the loads Wg and Wj^ being proportioned from the Pigeaud coefficients. 


When a slab is freely supported along one edge and fixed along the remaining 
three edges, the Pigeaud coefficients can be used combined with bending moment 


factors of i for all negative moments over the supports, ~ for the positive midspan 


moment for the span that is continuous at both ends, and ~ for the positive 

midspan moment for the span that is continuous at one end and free at the other. 
The values of Wg and Wg would in this case depend on the ratio of the 
“ equivalent " spans as described above. 

When a slab is freely supported along two opposite edges and continuous 
along the remaining two opposite edges, the Pigeaud coefficients apply based 
on the appropriate “ equivient " span ratio. The bending moment factors in 


this case would be i for the negative moments and for the positive moment in 
8 


the span that is freely supported at both ends, and ^ for the positive moment 

in the span that is continuous at both ends. 

For aU other cases the Grashof and Rankine coefficients should be adopted 
with the appropriate “ equivalent span ratio. With continuity along two 
adjacent sides and free support along the remaining two, the bending moment 
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factors can then be taken as — for the positive and negative bending moments. 
With continuity along one side only and free support along the remaining three 
sides, the bending moment factors should be — for the negative bending moment 
and for the positive midspan moment in the span continuous at one end and 


free at the other, and ^ for the positive bending moment in the span that is free 
8 


at both ends. 

The curves on Table No. 14A (p. 243) have been prepared to enable the 
bending moment coefficient for any combination of supporting conditions to 
be read off conveniently. These coefficients include the combined effect of the 
equivalent span ratio, the appropriate series of load reduction factors, and the 
bending moment factors already described. 

For the purpose of adopting the coefficients on Table No. 14A, a slab can 
be considered as continuous along any particular edge if it is continuous with 
another panel beyond the edge considered, or if it is monolithic with a heavy 
beam or other construction, as long as negative bending moment reinforcement 
is provided. Conditions offree support obtain when the edge is non-continuous 
and bears on a brick wall or on structural steelwork, y the edge of the slab 
is built well into a brick wall or is monolithic with concrete encasing steelwork, 
or a small beam, some restraint is obtained and can be allowed for by adopting 
the United States series of coefficients for these conditions as given on Table 
No. 14c. 

Load on Supports.—The foregoing discussion on rectangular panels is con¬ 
cerned with the sub-division of the load for determining the bending moments 
in the slab. With the exception of the Grashof and Rankine method, and 
WI do not represent the loads carried by the supports parallel to the long and 
short axis respectively. In those cases where it is permissible for the Pigeaud 
coefficients to be adopted for the bending moment, the load carried 
by the various supports must be calculated independently. This can be done 
by taking for this purpose only Grashof and Rankine coefficients for the proportions 
in question, or more logically the total load should be divided into two parts, 

the load carried on the supports parallel to the equivalent longer sides, 
and that carried on the supports parallel to the equivalent shorter sides; 


and W^ + W^ = W \ = 






W and W, 


Wr 


Wr+W^ 


W, where Wr 


and are determined by the method adopted for the moment calculation. It 
is usually sufficient to consider that each parallel support takes an equal share 
of the load. 

An alternative method is to consider that each of the beams across the short 
span carries the load from a 45 deg. isosceles triangle having the span of the 
beam as a base and a height equal to half the span. Half the remaining load 
(that is on a trapezoidal area) is carried by each of the longitudinal beams. In 
the case of a square slab each beam will carry one-quarter of the total load of 
the panel. 

In the case of continuity along one edge and free support along the opposite 
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edge, the beam along the former will carry a greater load (up to five-eighths of 
the sum of the loads carried by the two edges considered) than the beam along 
the freely supported edge. 

It should be noted that the loading on beams supporting panels spanning 
in two directions may not be uniform, but increase from zero at the ends to 
a maximum in the centre. Some allowance should be made for this variation 
in assessing the bending moment coefficients for the beam. 

Triangularly Distributed Loading. —In the design of the walls of 
rectangular tanks, bunkers, and similar structures, triangularly distributed 
loadings on panels spanning in two directions often occur. In such cases the 
intensity of loading on the horizontal span is uniform at any given level, but on 
the vertical span the loading will vary from zero at the top support to a maximum 
at the bottom support. The formulae at the bottom of Table No. 14B have 
been evolved to determine rational values for the maximum bending moments 
on a unit width vertical strip and on a unit width horizontal strip. Various 
conditions of end supports are allowed for; the factor K takes these conditions 
into account, together with the ratio of the horizontal to vertical spans of the panel. 
Values of ki and for use in the bending moment formulae are also tabulated. 

Other cases of loading, such as a load varying uniformly from a maximum 
at one support to a minimum at the other, can be dealt with by adding to the 
bending moment due to a triangularly distributed load and adding the bending 
moment for a uniformly distributed load. 


Non-Rectangular Panels. —When a non-rectangular slab is supported on 
four edges and is of such proportions that reinforcement in two directions is 
suggested, the moments can be determined by the following approximate 
considerations. 

For a trapezoidal slab, the size of an equivalent rectangle having the same 
area and ratio of sides as the mean axes of the given slab, should be computed 
and-the bending moments calculated for this rectangle. 

If the slab is triangular (or very nearly so) the inscribed circle should be 
drawn touching the three sides. If D = diameter of this circle, the bending 
moment in each of two directions at right angles to each other, assuming the 
slab is freely supported on all sides, can be taken as 


M = 


wD^ 

16 


per strip of unit width 


where w == the intensity of loading. 

It is important that the reinforcement calculated by this expression should 
extend over the whole area of the triangle. 

If the slab is fixed at one or more edges, suitable allowance should be made 
for the reduction of the positive moments and production of negative moments. 

Polygonal Slabs. —When a slab is in the form of a regular polygon or 
approximates to a square slab, the size of a square slab equal in area to the given 
slab should b^ determined and the moments determined for such a square slab. 
Alternatively a regular polygonal panel can be treated as a circular slab, the 
diameter of which is the mean of the diameter of the inscribed and circumscribed 
circles. 
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Circular Slabs. —For a circular slab of diameter D ft. freely supported 
along the circumference and carrying a concentrated lead W lb. symmetrically 
disposed about the centre, the total bending moment across a diameter that 
should be provided for in each of two directions at right-angles is given by 


M 



ft.-lb. 


where d = the diameter (ft.) of the loaded area. 

If the slab is fixed around the circumference the positive moment can be 
reduced to about two-thirds of this value if the load approximates to a point 
load, or to 8o per cent, if the load covers practically the whole of the slab. The 
negative moment provided for along the edges should be approximately equal 
to the positive bending moment at midspan. 

The bending moment on a circular slab carrying a uniformly distributed 
load can be deduced from one or two considerations (see the author's Practical 
Examples of Reinforced Concrete Design "). If the slab is simply supported 
around the circumference, the total bending moment across a diamater D can 

wD^ 

be conservatively taken as ft.-lh., where w is the load per square foot and 


wD^ 

D is the diameter in feet. The average bending moment is therefore-ft.-lb. 

24 

per foot width, but actually the moment varies from zero at the extremities 
of the diameter to a maximum in the centre, which can be safely assessed at 

double the average bending moment, that is ft.-lb. per foot width. On this 

same basis, if the slab is fixed " along the circumference, the maximum midspan 

wD^ . wD^ 

bending moment can be taken as-and the support bending moment as- 

24 18 

ft.-lb. per foot width. If partial fixity only occurs, a maximum bending moment 

of -at midspan and support can be taken. 

20 

The foregoing bending moments ignore the full effect of spanning in two 
directions and over-rate the ratio between the maximum and mean values. A 
mathematical analysis applied to a reinforced concrete slab leads to the following 
alternative methods of design for uniformly loaded circular slabs. 

wD^ 

(i) Design for a maximum central midspan bending moment of-ft.-lb. 

24 

per foot width if freely supported at the edges, and reduce the reinforcement 
or slab thickness towards the circumference. If partly fixed, design for a 
maximum midspan positive bending moment and support negative bending 

wD* 

moment of ——ft.-lb. per foot width ; the positive moment steel can be reduced 

30 

tovrards the circumference. 


(2) Design for an average midspan bending moment of ft.-lb. per foot 

width if freely supported, and retain the same slab section and reinforcement 
throughout. If partly fixed at the edge, the support negative bending moment 
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and the midspan positive bending moment can be taken as- ft.-lb. per foot 

45 

width. 

The reinforcement required by these bending moments should be provided 
in two directions mutually at right angles. 

4 .—Flat Slabs. 

Notation and Dimensions.—The design of beamless-slabs (“ flat slabs 
or “ mushroom floors ”) is based on empirical considerations. The formulae 
and principles which follow, and are summarised on Table No. 42, are generally 
in accordance with the London By-laws. The design of this type of floor can 
cither incorporate drop panels at the column heads (as in Fig. 12) or the slab 
can be of uniform thickness throughout as in Fig. 13. 



Fig 12.~Flat Slab with Dropped Panel. 
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Fig. 13.—Flat Slab without Dropped Panel. 


In the following fonnulae it is assumed that all dimensions are in feet, and 
the notation is 

L = length of panel side 

B = breadth of panel side 

w — intensity of loading (lb. per square foot) 

D = diameter of column head 

= effective span in direction of L 
= effective span in direction of B, 

The lengths (or widths) of adjacent panels should not differ by more than 

10 per cent, of the greater length (or width). The ratio of ~ should not 

B 

exceed ij. 

The length in any direction of the drop should not be greater than half 
(nor less than one-third) of the length of the panel in the same direction. The 
drops can, however, be continuous (that is, in the form of wide shallow beams). 
For the purpose of determining the bending moments, the panel is divided 
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into middle strips and ** column strips " (as shown in Figs. 12 and 13), the 
width of each strip being taken as equal to half the panel length or width. If 
drops of less width than half the panel length or width are adopted, the width 
of the column strip can be reduced to the width of the drop and the middle strip 
increased accordingly. 

The thicknesses of the slab and drops should be such as are required by the 
shear force and bending moments. 

Some regulations specify minimum thicknesses and ratios between the slab 
thickness and panel size, but no such limitations are given in the London 
By-laws. 

Beading Moments. —For the purpose of moment determination the effective 
spans are given by 

Sj—L — o-6yD 
Sff = B — o-6yD. 

The total bending moments in ft.-lb. to be provided for along the principal 
lines of the slabs are : 


Without drops. 

Along XY — = + 0-040wBSi^^ 

,, VW = My + o-040wLS^^ 
„ RS = Mg = — o^o^wLSj^ 
„ UT As for RS. 

„ RU — My — - 0 'q6owBSj^^ 
„ ST As for RU. 


With drops. 

+ 0'0'^^wBS 
+ O'O^t^wLS^^ 
o-o 62 wLS 

— 0'062wBS^^ 


These moments should be provided for as follows : 


Section. 


With dropped panels. 


Without dropped panels. 


cd 

Xc and dY 
ab 

Va and bW 
fe 

eU./R, S/and eT 
Rg, AS, Ug, and hT 


42 per cent, of Mx 
29 per cent, of Mx in each 
42 per cent, ot My 
29 per cent, of Af k in each 
26 per cent, of Ma in each 
37 per cent, of Mp in each 
26 per cent, of Ms in each 
37 per cent, of Ms in each 


45 per cent, of Mx 
27^ per cent, of Mx in each 
45 per cent, oi My 
27^ per cent, of My in each 
30 per cent, of Mp in each 
35 per cent, of Mp in each 
30 per cent, of Ms in each 
35 per cent, of Ms in each 


If the width of the drop is less than half the panel width, the total bending 
moment in the middle strip should be increased in proportion to the increased 
width of the middle strip and the additional moment can be deducted from the 
specified total for the corresponding column strips. This adjustment ensures 
that the specified total bending moments along the principal axes are 
unaltered. 

In end spans the positive moments should be increased by 25 per cent. 
All walls and other concentrated loads must be carried on beams, and beams 
should be provided to trim around openings other than small openings; most 
regulations limit the size of openings permissible in the column and middle 
strips. 

Reinforcement. —It is usually most convenient for the reinforcement to 
be arranged in bands in two directions, one parallel to each of the spans L and B. 

E 
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Alternatively the reinforcement can be arranged in four bands including two 
bands of diagonal bars. The area value of these diagonal bars is their area 
multiplied by the sine of the angle between the diagonal and section considered, 

that is, area of bars x —==== for a section parallel to L, and area of bars 

VL* + B* 

X ' , ^ — : for a section parallel to B. Various r^ulations, which should be 

VL* + B* 

referred to, control the detail thoughout of bars in a four-way system. The 
amount of tensile reinforcement in any section should not exceed i per cent, 
of the product of the width of the section and the effective depth. Generally 
the slab thickness should be sufficient to render compression reinforcement 
unnecessary, except perhaps in end panels. 

With two-way reinforcement, 40 per cent, of the bars in the positive moment 
reinforcement should remain in the bottom of the slab and extend over at least 
the middle three-quarters of the span, and no reduction of the positive moment 
steel should be made within the middle-half of the span. The negative moment 
reinforcement should extend to the quarter points in adjacent panels, and if 
the bars are staggered the shortest should extend to the fifth-point and the 
longest be arranged so that the average reaches the quarter point. 

Shear.—^The shearing stresses, which should not exceed the values given 
on Table No. 23 for conditions when no shear reinforcement is provided, should 
be investigated at two sections, namely, (x) around the edge of the drop and 
(2) aroimd the head of the column. In the latter case the perimeter of the 
critical shear section can be taken as that of a circle of diameter equal to 
D 4 - (2 X effective depth of slab or drop). 

Columns.—^The diameter of the column head, D, (see Figs. 12 and 13), 

should be between ~ and ~ for internal columns. The angle between the slope 
5 4 

of the column head and the horizontal should be not less than 45 deg. Should 

the diameter of the column shaft be greater than no special head is required. 

External columns should be provided with as much as possible of the head 
prescribed for interior columns. 

G)lumns should be designed for bending moments equal to 50 per cent., 
in the case of internal columns, (and 90 per cent, in the case of external columns) 
of the negative bending moment specified for the column strip. The bending 
moment should be divided between the upper and lower colunms in proportion 
to their stiffnesses. If the floor panels are cantilevered beyond the outer row of 
columns, the column bending moment can be reduced by the cantilever bending 
moment due to the dead load. 

An example of the design of a panel of a flat-slab floor is given on the pages 
following Table No. 40. When considering the economy of this type of con¬ 
struction for heavily loaded large span floors, note should be taken of the saving 
in overall height of a building when compared with beam and slab construction. 

5 ,—Curved Beams. 

Bow girders and beams that are not rectilinear in plan are subjected 



BENDING MOMENT AND SHEARING FORCE 


53 


to twisting moments in addition to the normal bending moments and shear 
forces. Coefficients for determining the maximum negative bending moments 
over the support of beams in the form of circular arcs, together with coefficients 
for the maximum twisting moment, are given on Table No. (p. 224). This 
table is applicable to beams that form part of a complete circular system supported 
on columns, etc. that are equally spaced around the circumference of the beams. 
Such conditions occur in water towers, silos, and similar cylindrical structures, 
but the equivalent of these conditions also occurs if the circle is incomplete as 
long as the appropriate negative moment can be developed at the end supports. 
This type of circular beam occurs in such structures as semicircular balconies. 

The maximum twisting moment occurs at a section intermediate between 
the support and the centre of the arc, and the position of this section, expressed 
in terms pf the angular distance from the support is also given on Table No. 7c. 
The method of designing for twisting moments is given in Chapter XII and 
Table No. 34. Since the point of maximum twisting moment almost corresponds 
to the point of contraflexure, the design of the section in torsion can be based 
on the full section, thus assuming no cracking of the concrete due to tensile 
stresses caused by bending or shear. 

The maximum shear, equal in value to half the total load on the beam 
span, occurs at the edge of the support. 

Midway between the supports occms the maximum positive bending moment, 
and it is preferable to design for positive moment in excess of the theoretical 
value, say, half that of the negative moment at the support. 

The critical design sections are therefore : (a) Midspan—maximum positive 
bending moment and zero shear and twisting moment; (b) Point of contra- 
flexure-^zero bending moment, maximum negative twisting moment combined 
with shear force ; (c) Support—maximum negative bending moment, maximum 
shear, and maximum positive twisting moment. 

The comparatively small positive twisting moment at the support is ignored 
in some analyses, and when this is so the moment coefficients given for Case I 
(Table 7c) apply and are derived from the fundamental equations for any point X : 

Twisting moment = lF/?|^sin — - cot — ^(1 — cos Oj) + — sin 6 z) 

Bending moment = WR ^ cot • sin* . 

The more rigid analysis of curved beams ignores neither the twisting moment 
at the support nor the torsional rigidity of the section, and results in 

Twisting moment = — M^sin + Tscos Oj + — — ——— 

Bending moment = Mg cos 0 x + Tssin 0 x — WR 

where Mg and Tg are the support bending and twisting moments respectively, 
values of which, together with other essential coefficients, are given in Case II 
(Table No. 7c). 


sin 0 x I — cos 0 x\ 
— -g j. 



CHAPTER V 


FRAMED STRUCTURES 


1.—Theoretical Considerations. 

General Formulae for Bending Moments. —The process of solving problems 
dealing with indeterminate framed structures is generally based on one of two 
fundamental principles: 

(a) The Principle of Least Work, and 
\b) The Slope-Deflection Theory. 

The consideration that will here be given to this aspect of structural design 
will be based on the latter of these two principles. 

The two axioms in the slope deflection method are : 

(а) That the difference in slope between any two points in the length 

M 

of a member subject to bending is equal to the area of the — 

diagram between these two points. 

(б) That the distance of any point from a line drawn tangential to the 

elastic curve at any other point, the distance being measured 

normal to the initial position of the member, is equal to the 

M 

moment (taken about the first point) of the — diagram between 

El 

these two points. 

In these considerations M represents the bending moment, E the elastic 
modulus of the material, and I the moment of inertia of the member. Combining 
these axioms leads to the following general expressions for the moments at the 
ends of a member subject to bending as shown in Fig. 


= 2Ek(^ 




where = bending moment at A towards B 
betiding moment at B towards A 
L, 6^, Ojj, and d are shown in Fig. 14 

K = the stiffness factor = ~ 


-{2L — 3Z) and 
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in which A = area of free bending moment diagram due to the external 
loads acting between A and B. 

Z — distance of centre of area of the free moment diagram 
measured from A. 

Formulae for Special Cases.— When there is no external load the factors 
P and Q become zero, and when the load is symmetrically disposed on the member 

if = and P = g = ^. 





..VCKT»Cikt.L.Y SWAOeO 
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MCMMR. WITHOUT 
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c>ia<;ra<h ftao. 
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OCTLECTIOM IM EAtHE 
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&LoPe » PoSlTlv/C. 
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Fig, 14.—Frame Notation. 

When there is no elastic deflection of one end of the member relative to the 
other (for example, when non-elastic supports are assumed), that is, when d ~ o, 
the general expressions (i) and (2) become 

.... (la) 
Mba=^ - 2 EK(2eB + Oa)-Q . . . . {2a) 

Further simplifications are introduced when the end conditions of the mem¬ 
ber are known. Thus when the end B of the member AB is hinged, M — o, 
and the general expression becomes 

= + . . . (Ift) 

Similarly if the end A were hinged and not P, ~ o, and the general 
expression becomes 

= - EKf^e^ _ ^ + 0 


• (26) 
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Hence for conditions of one end hinged, level'supports, and symmetrical 
loading, the formulae become 


For end B hinged, Af^j, = — I'Sy 

For end A hinged, = iEKBg + 1-5^ 


(ic) 

(2C) 


When the restraint at end A is equivalent to perfect fixity, = o, or 
when the end B is fixed, B^ = o, then 


For end A fixed, = 2EK^g _ ^ - P 

= 2EK(2d^ -^+ Q 


(Id) 

(2d) 


Hence for conditions of one end fixed, level supports, and symmetrical 
loading, the formulae become 

For end A fixed, = oEKBg — ^. (le) 


Mgji — ^EKBg + 


L 
A 
L 

For end B fixed, Af^^ = j^KBg — y 

A 


Mgg — 2 EKBji + 


(2^) 

(I/) 

(*/) 


The modified general formulae for members having various conditions of 
end restraint are given on Table No. 15, 

The general problem of determining the ihoments in a framed structure is 
solved by appl3dng the appropriate general formulae to each member successively. 
The algebraic sum of the moments at any joint is equal to zero. 

As a simple illustration of the application of the formulae, consider the 
problem of determining the bending moment at A when the beam AB, indicated 
in Fig, 16(a), is loaded. 

From formula (ic), == — i*5y 

Ju 

From formula (if), M^g — 

From formula (if), — /(EKjfg. 


By addition. 


hence 


0 - EBJ^Kb + 4K0 + AKj,) - i-Sj 


EB. 




3^fl + 4^0 + 4^® 


By substitution, M 
The other nunnents could be found in a similar manner. 
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Apart from the consideration of continuity between columns and beams in 
a building skeleton, simple framed structures most commonly occur in the form 
of portal frames. On TaUe No. i6 the formulae for tho bending moments at 
the ends of the columns are given for such frames having any type of vertical 
loading on the top beam or any type of horizontal loading on the columns. 

Shear Force.—^The shear forces on any member forming part of a frame 
can be readily deterxnined when the moments have been found by consideration 
of the rate of change of bending moment. The shear or reaction at the ends of 
a member AB that carries no external load is given by 

T7 — 

---. 


For a member with end B hinged 


BA 


^AB 

L ■ 


With external loads, the static shear forces due to these loads should be 
added algebraically. 


2 .—Bending on Columns. 


External Columns.—The importance of computing and designing for the 
bending moments that are produced in monolithic beam and column construction 
due to the rigidity of the joints is now recognised by all modem authorities on 
reinforced concrete design, and most r^ulations to-day treat this aspect of 
design as an essential factor rather than as a refinement. 

Exterior colunuis in a framed structure are subject to a greater bending 
moment than interior columns (other conditions being equal) and the magnitude 
of the moment depends on the relative stiffness of the column and beam and 
on the end conditions of the members. There are two principal cases to con¬ 
sider for exterior columns: 

Case (i). Beam supported on topmost point of the column, as in 
15 - 

Case (ii). Beam fixed to column at some intermediate point as in 
Fig, i6. 

Since either end of the column or beam can be considered as hinged, fixed, 
or subject to some intermediate degree of restraint, it follows that there are 
nine individual conditions of Case (i) and twenty-seven conditions of Case (ii). 

For Case (i) the maximum reverse moment at point A, the junction of the 
beam and colunrn, occurs when the end B of the beam is hinged and the foot 
of the column is fixed at C, as in Fig, 15(a). The minimum reverse moments 
at A occur when the beam is rigidly fixed at B and the column is hinged at C 
as shown in Fig. 15(6). Conditions met with in practice lie between these two 
extremes, and with any condition of fixity of the column foot C the moment at 
A decreases as the degree of fixity at B increases. With any d^ee of fixity 
at the end B of the beam, the moment at A increases very slightly as the degree 
of fixity at C increases. 

The maximum reverse moment in the beam at the junction with the column 
for Case (ii) is experienced when the beam is hinged at B and the colunrn is 
perfectly fixed at both C and D as indicated in Fig. 16(a), With perfect fixity 
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External Columns in Building Frames. —For normal building frames 
the bending moments in exterior columns can be computed from the series of 
formulae given on p. 247. These expressions, which conform to those given in 
the London By-laws Memorandum and the Code of Practice, neglect any non¬ 
uniformity in the end conditions of either the beams or columns, but are suitable 
for use in ordinary building structures. 

When there is no upper column (that is, the structure is only one story high 
or the top story is being considered) as in Fig. 15, the factor Kjy in these formulae 
is zero. 

Corner Columns. —An external comer column in a building is usually 
subject to bending moments from beams in two directions at right angles. These 
bending moments can be calculated by considering two frames (also at right 
angles) independently, but practical methods of computing the stresses depend 
upon the relative magnitude of the bending moments and the direct load (see 
Chapter XIV). 

Interior Columns. —There is less variation in the moments due to continuity 
between beams and colunms in the case of the interior columns of a building 
frame than in the case of exterior columns. End fixing conditions of the various 
members do not affect the moments so seriously, and it should be remembered 
that the moment in the beams at the column junction is in all cases less than 
the moment at this support when computed by the Three Moment Theorem 
neglecting fixity with the column. On Table No. 15 a*e tabulated bending 
moment coefficients from which the moment in the upper or lower column can 

A 

be calculated by multiplying by the - factor for the “ live " load only on one 

of the adjacent beam spans, when the latter are equal. When unequal, the bending 
moment in the column can be calculated by considering two separate frames 
in each of which the column under consideration is an external column. The 
maximum difference between the bending moment on the column calculated 
for the effect of the beam on the left-hand side and that on the right- 
hand side separately, is the resultant bending moment on the column. This 
maximum difference is usually obtained when the longer beam is loaded 
with live and dead load, while the shorter beam is loaded with dead load 
only. 

Approximate Treatment. —The methods hitherto enumerated for evalu¬ 
ating the bending moments in column and beam construction with rigid joints 
involve a fair amount of calculation, including that of the moment of inertia of 
the members concerned. In general practice, especially in preliminary schemes, 
it is not always possible to spare the time required to make these calculations, 
and therefore approximate methods are of value. 

Since the top lift of all colunms should be designed for bending in addition 
to direct load, and even when the beam has been designed as if freely supjx)rted 
at the column or as continuous over and independent of the column (as is usual), 
some moment should be taken on the column. Certain reinforced concrete 
regulations give reasonable values for these bending moments. When the base 
of the column is considered hinged, the moment to be taken at the top should 
be one-third of the maximum positive moment in the adjacent beam span. When 
the base of the column is fixed, the moment at the top should be taken as one- 
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third of the maxiinum positive moment in the adjacent beam q>an, and the 
moment at the base as one-sixth of this positive moment. 

WL* 

When the midspan moment is taken as - the bending moment at the 

10 

WL* WL* 

top of the column would thus be -and --— at the base of fixed columns. For 

30 6o 

WL* WL* WL* 

midspan moments of —— the corresponding moments would be-and —— * 

o 24 4 ^ 

For heavy columns and light beams, the effect of the bending moment will 
not be large, and in such cases the margin between the permissible compressive 
stress for direct compression and for bending combined with direct compression 
(see Chapter IX) is usually su£Bicient to enable the preliminary design of the 
column to be based on the direct load only. 

In cases where this margin does not occur and in order to allow a margin 
for the bending stresses on the column, the column can be designed pro\dsionally 
for the static reaction increased by the amounts shown on Table No. 15 for the 
appropriate arrangement of beams supported by the colunm. 

Wind Moments on Columns.—^Where conditions do not warrant a close 
analysis of the bending moments to which a colunm in a framework are subjected 
due to wind forces or similar horizontal thrusts, the following treatment is 
sufficiently accurate. In such structures as water towers, elevated bunkers, and 
silos, and the frames of tall buildings, tbe calculation of Wind moments in the 
columns is necessary. For braced columns of equal cross section, the expressions 
shown on Table No. 15 and Fig, ija give the bending moments, shear forces, 
and additional direct loads on both the columns and the braces due to the effect 
of a horizontal force at the head of the columns. 

In general, the bending moment in the colunm is the shear on the colunm 
multiplied by half the distance between braced points, but if the columns are not 
continuous or braced at one end, the bending moment will have twice this value. 

The bending moment in the brace at an external colunm will be the sum 
of the bending moments in the columns at the intersection with the brace. The 
shear on the brace is equal to the change of bending moment from one end of 
the brace to the oth^ divided by the length of the brace. These shears and 
moments are additional to those created by the dead weight of the brace itself 
and any external loadings to which it may be subjected. 

The general overturning moment on the frame will induce an additional 
direct load in the leeward colunm and a corresponding relief of load in the wind¬ 
ward column, the maximum value of this direct load, being approached at the 
foot of the column and being equal to the overturning moment {PH) divided by 
the distance between the columns. 

The case illustrated in Fig, iy{b) is common in the design of bunkers and 
silos where a superstructure of considerable rigidity is carried on a series of 
comparatively short columns. If the columns are fixed at the base, the bending 
moment on a single column is given by 

2JV 

where N =± the number of columns if all are of equal size. 
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If the columns are of different cross sections, since all deform about equal 
amounts, the total shear should be divided among the columns in any one line in 
proportion to their separate moments of inertia. If Ni = the number of columns 
with moment of ineitia 7 i, N, = number of colunms with moment of inertia 
etc., the total moment of inertia = NJi + iV,/, + etc = UNI, On any 
column with moment of inertia = the bending moment will be given by 


B.M., 


„ Phin 
2ENr 


The total horizontal shear is sometimes divided among the columns in 
the ratio of their cross-sectional areas (thus giving uniformity of shear stress) 
and with this method the formula for the bending moment in any column with 
cross-sectional area becomes 


B.M.„ 


PhA, 

2ZNA^' 


where ENA i = total cross-sectional area of all the columns resisting the total 
shear P. 

More often in building frames, where the wind effect is small compared with 
other stress-producing factors, the horizontal shear is simply divided up on the 
basis that external columns take half the shear on internal columns. If is 
the total number of columns in one frame, N = Nj, — i for the purpose of finding 
the bending moment on the interior columns, thus assuming that the two outer 
colunms are equivalent to a single interior column. 

On a normal building frame subject to wind pressure, the pressure on each 
panel (or story height) Pi, P,, P,, etc. (Fig. 17(c)) is usually subdivided into 
equal shears at the head and base of each lift of columns. The bending moment 
at the base of any interior column, n stories from the top, can be found from 
the expression 



where iTP = Pi + P, + P3 + . . . + P^-i. 

A bending moment and corresponding shears are induced in the floor beams 
in the same way as in the braces of a water tower, except that at an internal 
colunm the siun of the moments in the two beams meeting at the column is 
equal to the sum of the moments at the base of the upper column and at the 
head of the lower column. 


3.—Frame Construction. 

Earthquake-Resisting Structures. —^The design of structures to withstand 
the disruptive forces induced by earth tremors and quakes presents a problem 
in frame design. Authoritative opinions differ on the question whether such 
structures should be designed as rigid or flexible structures. A semi-flexible t)q)e 
has been advocated in the United States, but generally engineers seem to favour 
the rigid-frame construction. The effect of earth tremors is considered as being 
equivalent to a horizontal thrust that is additional to the loads and wind pressures 
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for which the building would ordinarily be designed. The usual dead and live 
loads should be increased by 20 per cent, to allow for vertical movement. The 
magnitude of the horizontal thrust would depend on the probable acceleration 
of the earth tremor to which the building is likely to be subjected, and the value 
of this acceleration varies from less than 3 feet per second per second in firm 
compact ground to over 12 feet per second per second in alluvial soils and filling. 
A horizontal thrust equal to about one-tenth the mass of the building would 
seem to be adequate for all but major shocks when the building does not exceed 
20 ft. in height, increasing to one-eighth of the mass when the building is of 
greater height. The horizontal shear on the building at any level should be 
considered as one-eighth or one-tenth of the total weight of the structure 
(including live loads) above this level. The analysis of the bending moments 
and shears in the columns and floor beams is similar to that described for wind 
pressure on building frames. 

In order that the structure shall act as a unit, aU parts of the building 
should be effectively bonded together. Panel walls, finishes, and ornaments 
should be permanently attached to the framework, so that in the event of a shock 
they will not collapse independently of the main structure. Isolated column 
footings should be connected by ties designed to take a thrust or a pull equal 
to one-tenth of the load on the heavier of the two footings connected. 

End Conditions.—Since the results given by. the more accurate frame 
formulae vary considerably with different degrees of fixity of the ends of the 
component members, it is essential that the end conditions assumed should be 
reasonably obtained in the actual construction. Absolute fixity is difficult to 
attain unless the beam or column is embedded monolithically in a compara¬ 
tively huge mass of concrete. Embedment in a brick or masonry wall is more 
nearly of the nature of a hinge, and should be assumed as such. The standard 
type of isolated footing, designed for the limiting uniform ground pressure under 
the direct load only, should also be considered as a hinge at the foot of the column. 
A continuous beam supported on a beam or column is only partly fixed, and where 
an end span is supported at the outer end on another beam hinged conditions 
should be assumed. A column built out of a pile cap supported by two, three, 
or four piles is not absolutely fixed but a bending moment can be developed 
if the resulting reactions (thrust and pull) can be taken on the piles. A colunm 
can be considered as fixed if it is built out of a thick raft whether the raft is 
supported on piles or not, as long as the necessary restraining moment can be 
developed in the raft slab or beams. 

Hinges. —In special structures such as arches, large-capacity bimkers, 
etc., where it is necessary that the assumption of a hinged joint should be fully 
maintained, it is generally worth while and always safer to make a definite 
hinge in the construction. This can be done either by inserting an appropriately 
designed all-steel hinge, or by forming a hinge monolithic with the column as 
shown in Fig. 18. The hinge bars ** a” should be calculated to take the whole 
of the horizontal shear at this section, and the area of concrete at D should 
be sufficient to transfer all the compressive force from the upper to the lower 
part of the column. The hinge bars should be well bound together by suitable 
binders “ d " and the main column bars “ e should terminate on each side of 
the slots B and C. These slots should be filled with felt, paper, bitumen or a 



REINFORCED CONCRETE DESIGNERS' HANDBOOK 


64 

similar separating layer, but sometimes the slots are omitted and the concrete 
is allowed to crack when moments producing stresses in excess of the ultimate 
tensile strength of the concrete occur. 

Moments of Inertia of Reinforced Concrete Sections.—The moment 
(rf inertia of a reinforced concrete section is theoretically the equivalent moment 
of inertia of the stressed section about the neutral axis expressed in concrete or 
in steel units. The concrete in tension is neglected and the steel is considered 
as being equivalent to m times its area of concrete (see notes on the modular 
ratio in Chapter IX). Until the complete section is designed (or assumed) and 
the percentage of steel known, such a calculation cannot be made with any 
precision. Moreover, the moment of inertia of an ordinary beam changes con¬ 



siderably throughout its length, especially with a flanged beam which acts as a 
tee beam at midspan but has to be treated as a simple rectangular beam at its 
ends where reverse moments occur. Consideration ^ould also be given to the 
question whether the probable stresses are sufficiently high to cause complete 
cracking. This applies particularly to tee and ell-beams when the flanges are 
in tension. Although the beam will be designed on the assumption that the 
concrete has cracked and that the reinforcement takes all the tension due to 
bending, cracking may not take place owing to the comparatively large area 
of concrete in the flange. 

It is important that the method of assessing the moment of inertia should 
be the same for all members in a single calculation. 

Since only comparisons of moments of inertia are required in frame design, 
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the errors due to approximations are of minor importance ; it is therefore usually 
sufficient to compare the moments of inertia of the concrete sections alone for 
members that have somewhat similar percentages of steel. Thus for comparing 
a rectangular column with a rectangular beam the ratio of the moments of 
inertia of the whole concrete section only is 

h~W’ 

where = moment of inertia of the colunm 
and = breadth and width of column 

/j8 — moment of inertia of the beam, and 
bf, and = breadth and depth of beam. 

On Table No. 39 are given values of I for octagonal, diamond’Shape, and 
other non-rectangular sections, together with factors and formulae for determining 
the moment of inertia of tee-beams (see example on p. 296, facing Table No. 39). 
The breadth of the flange assumed for the purpose of calculating the moment 
of inertia should not exceed the maximum permissible width given on Table 
No. 32. 

The effect of the alternative methods can be seen by considering the following 
examples applicable to the sections illustrated in Fig. 19. The modular ratio is 
assumed to be 15 ; i.e., w ~ i = 14. 

(a) To compare the moments of inertia of the rectangular beam shown in 
Fig. 19(a) with the square colunm in Fig. 19(6) : 

(i) Concrete section only: 


“ 8 X i8» 


i'o8. 


(ii) Stressed Area: 

Column : Concrete == 0*083 X 15* = 4,210 concrete units 

Steel = 14 X 3*14 X 5 5 * = i. 33 o 


Ic = 5>540 

Beam : Concrete == 0 33 x 8 x 8® = 1,360 concrete units 

Compression steel = 14 x 1*33 X 6*5^ — 790 „ „ 

Tension „ = 15 X 2 36 x 8-52 = 2,550 „ „ 


=r 5 : 5 ^ _ j.jg compared with 108. 

(b) To compare the rectangular beam in Fig. 19(a) with the octagonal column 
in Fig. 19(c) : 

(i) Concrete Section only : 

From Table No. 39 the M. of I. of an octagonal section == 0*055^^. 

, I , _ 0-055 x i8 « _ 

•' 0-083 X 8 X i8» 
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(ii) Stressed Area: 

by calculation similar to (a) = 6,780 concrete units 
as already calculated = 4»7o^ »» 

L2. = ^*^ - 2 = 1*44 as compared with 1*49. 




(b) SOLACE. COLUMN BENDING 

A^BOUT X X CcOMPecSSiON ALL 
OVEC section) 


(C) OCTAGONAL COLUMN 

(CXiMPCCSSlON ALL OVCC SECTION) 

Fig. 19.—Typical Sections for Comparison of Moments of Inertia. 


From these examples it will be seen that the approximate method readily 
gives comparative values that are accurate enough for trial calculations and 
close enough for general design. Another useful approximation that can be 
employed when the position of the neutral axis is known or can be estimated, is 
that the moment of inertia of a section subject to tensile and compressive stresses 
simultaneously is equal to twice the second moment of the tension steel area 
about the neutral axis. Applying this to the beam in Fig, 19(a), 

= 2 X 15 X 2-36 X 8 - 5 * = 5,100 concrete units, 
compared with 4,700 concrete units by the alternative calculation. 

4^—Frame Analysis by Moment-Distribution. 

The procedure of frame analysis by moment-distribution methods is described, 
with a worked example, on Table No. i6a (p. 248). Similar principles are applied 
to the solution of continuous beams on Table No. iia (p. 232), but the difference 
in the convention of signs adopted in the two cases should be observed. 
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FOUNDATIONS 

1.—Loading on Ground. 

Design. —The complete design of a foundation involves a three-stage procedure. 
The first stage is to determine from an inspection of the site the nature of the 
ground, and, having chosen which of the available strata it is proposed to subject 
to loading, the maximum safe bearing pressure must be decided. The second 
stage is to select a suitable type of foundation, whether it shall be an isolated 
footing, a raft, or piles, and consideration may have to be given to alternative 
types. To design the selected type adequately to transfer and distribute the 
loads from the superstructure on to the ground constitutes the third stage. 

Site Inspection. —Obviously the first step in a site investigation is to 
undertake a surface inspection and to determine from the appearance of the site 
itself or from the immediate vicinity ‘whether the subsoil is rock, chalk, clay, 
gravel, sand, alluvial soil, or filling. Such a superficial inspection tells the 
engineer nothing about the thickness of the apparent strata, although in this 
first instance he can perhaps draw on his own or others* local experience, and 
with extreme caution can base his deduction on probabilities. 

For more precise determination of the type of ground underlying the site 
he must resort to digging trial holes, sinking bores, or driving test piles. A 
trial hole can only be carried down to a moderate depth, but affords an excellent 
opportunity of studying the nature of the soil in its undisturbed form, of 
determining the difficulty or otherwise of excavation, and the need or otherwise 
of timbering and pumping. The chief objection to a trial hole is the localised 
nature of the inspection, but this can be overcome by sinking a number of holes 
at salient points. 

A bore can be carried down very much deeper than a trial hole, but still 
has the objection that it is a localised investigation. It is a very good method 
of determining the geological formation below a site, especially when the successive 
strata are of greatly differing nature giving a sharply contrasted ‘‘ throw-up.** 
With alluvia, clays, and other recent sedimentary depositions, however, care 
must be taken with the deductions made from the material brought up by the 
bore, since some such materials may be quite compact in bulk and firm when 
buried, thus affording an excellent foundation material, but when brought up 
may be churned into mud and become friable upon exposure to air and sun. 

A test pile does not definitely indicate the kind of soil it has been driven 
through, but the driving data combined with local information may give a clue. 
A test pile is particularly valuable in determining the thickness of top crusts 
or the depth below poorer soil at which good bearing strata lie. 

67 F 
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Determination of the strata underlying a site is succeeded by consideration 
of their suitability for foundations. The development of soil mechanics theories 
has resulted in a more satisfactory (although more complex) approach to ground 
loading problems, in contrast with the conventional (and sometimes erroneous) 
methods. In all but the most straightforward cases, a correct assessment and 
solution of a given foundation problem should be entrusted to engineers having 
the experience and experimental means to conduct the necessary preliminaiY 
investigations. Detailed consideration of soil mechanics methods cannot 
adequately be dealt with in the scope of the present volume, and the reader is 
referred to the extensive available literature on this subject. 

Among the matters relating to foundations that the theories of soil mechanics 
explain and anticipate (and therefore guard against) are settlement of footings, 
rafts, and groups of piles, consolidation of clays, and settlements due to with¬ 
drawal of ground water from sand strata underlying clays. The principal factors 
to be investigated regarding a particular problem are the distribution of vertical 
pressures and shear stresses. One of the conclusions of these theories is that the 
depth to which knowledge of sub-strata should be obtained by bores (or other¬ 
wise) should be not less than if times the width of an isolated base nor less than 
times the width of a structure with closely spaced footings. This rather 
extensive departure from the conventional methods is due to the fact that at 
these depths the intensity of vertical pressure may still be some 20 per cent, of 
the pressure applied at the foundation level. Thus if within this depth is found 
a stratum softer than that upon which the structure is founded, the pressure on 
such stratum may be excessive and result in settlement although the bearing 
pressure on the overlying, but superior, ground at foundation level may be con¬ 
sidered reasonable. 

The more important factors to consider relative to different classes of ground 
are enumerated below. 

Igneous rocks such as granite, sedimentary rocks such as sandstone, lime¬ 
stone, and chalk, none of which suffers volumetric change with variation in 
saturation, obviously constitute the best foundation media provided that they 
are in solid formation of ample thickness and not partially decomposed. Inspec¬ 
tion should be made for faults, splits, inclined strata with intervening thin clay 
bands, and the incidence of pockets of soft material. 

For sands and gravels, information concerning the thickness of the deposit, 
the level of the water-table, the degree of clay impregnation, and the nature and 
thickness of underlying strata is essential. If the deposit is waterlogged, investi¬ 
gation must be made into the question of whether the proposed works or probable 
adjacent construction is likely to drain away some of the contained water, carrying 
with it the finer sand particles-and leading to settlement due to consolidation. 
If such action is likely, precautions, such as isolating the site with sheet piling, 
are advisable, especially in the case of sands. 

Clays, shales, and particularly boulder clay, constitute grounds that require 
special consideration of each case. When below overburden of considerable 
thickness, and where permanently waterlogged, satisfactory foundation strata, 
especially for piles, are provided. Clay strata near the surface are liable to 
periodical drying and wetting and precautions must be taken to ensure stable 
foundations. The thickness- and profile of the strata, the physical nature of the 
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material, not only of the selected foundation stratum but of those immediately 
below, are among the essential data required for clay and clayey soils. 

Alluvial soils and artificial filling also present a serious problem. The former 
should be investigated as fully as clay. The primary factors concerning an 
artificial filling include age, compactness, and depth. Normally, passage of time 
renders a fill more compact, although the time factor may also make it less secure, 
since the decay of buried timber, paper, or vegetation may leave cavities or soft 
patches. The discovery of such isolated weaknesses is not assured by bores or 
trial holes, as a trial at each foundation cannot usually be entertained. More 
confidence can be gained if a pointed steel bar is driven into the soil at every 
base, or in several places under a large base. Any variation in the resistance to 
driving will provide valuable information relating to the hidden stable. 

Without any externally imposed load, clay fillings, or fillings in which the 
clay content preponderates, exhibit progressive settlements over a number of 
years. Similarly chalk fills subject to periodical changes of water-table will 
continue to settle over a long period. Foundations prof)osed on such fillings 
must therefore be designed for such movements, and usually piles are necessary 
to transfer the loading to a lower and more stable stratum. 

Safe Bearing Pressures.—The maximum bearing pressures that can be im¬ 
posed on normal soils are in some districts subject to regulation. Table No. 17 
gives generally accepted values, together with those recommended as a guide 
in the Code of Practice and the London By-laws. Such bearing pressures must 
be considered as maxima and should be treated with reserve since the numerous 
primary factors already described may necessitate using lower values. For soils 
of uncertain bearing resistance, a study of existing buildings on identical soils may 
be instructive. Bearing tests may also be of restricted value. 

Permissible pressures can be exceeded by an amount equal to the weight of 
earth between the foundation level and adjacent ground level. Any earth carried 
on the base must be included in the foundation load. 

Eccentric Loading. —^When a foundation is subjected to a concentric load 
—when the centre of gravity of the superimposed load coincides with the centroid 
of the base—the intensity of bearing pressure to which the ground is subjected 
is.equal to the total applied load divided by the total area. When the loading 
is eccentrically placed on the base the pressure will not be uniformly distributed 
but will vary uniformly from a maximum at one edge to a minimum at the 
opposite edge, or to zero at some intermediate point. This variation of pressure 
depends on the magnitude of the eccentricity, and values of the maximum and 
minimum pressures are given by the formulae on Table No. 17. 

Depth of Foundations. —^To prevent the ground spewing out from under 
the foundation when pressure is exerted, it is essential that the lateral pressure 
due to the head of earth outside the foundation should be more than the lateral 
pressure due to the bearing pressure. This principle will dictate the minimum 
depth below the surface to which the foundations should be taken, and a formula 
for ascertaining this depth is given on Table No. 17. 

Unless foundations are on rock, footings should be founded at a level at least 
2 ft. below the ground surface, since apart from considerations of spewing it is 
very seldom that virgin soil or a satisfactory consolidation is reached in less 
depth. In clayey soils depths of 5 ft. and upwards are necessary to ensure 



70 


REINFORCED CONCRETE DESIGNERS* HANDBOOK 


protection of the bearing stratum from the effects of weathering. In the case 
of footings in which there is no mass concrete at the base forming an integral 
part of the base, the bottom of the excavation should be covered with a lean 
concrete in order to provide a clean surface upon which to place the reinforce¬ 
ment. The thickness of this layer depends upon the compactness and wetness 
of the bottom of the excavation, and would generally be from i in. to 3 in. 
thick. 


2 .—Types of Foundations. 

Independent Bases.—The type of foundation most suitable for any given 
structure depends primarily upon the relation between the load and the safe 
bearing pressure. The most simple type of column foundation is an independent 
base in one of the forms (a), (6), or (c) illustrated on Table No. 18. Such types 
are most suitable for ground having upwards of tons per square foot safe 
bearing value, and for bases of small area the form [a) with a mass concrete sub¬ 
base is the most suitable. This type of base is also best adopted for foundations 
on rock, the mass concrete sub-base being formed on a level bed roughly hewn 
out of the rock. In designing independent bases for the colunms of a building 
founded on relatively compressible soils, to avoid in part the risk of local settle¬ 
ment the relative sizes of the bases should be strictly in proportion to the dead 
load carried by the corresponding columns, and obviously the ground pressure 
under any base due to the combined dead and live load, together with any bending 
on the base of the superimposed column, should not exceed the safe bearing 
pressure of the ground. 

When the columns in a structure are at fairly close centres in any one direction 
it is usual to link up the bases to form a continuous strip footing, a similar form 
of footing being used for wall foundations. 

Rafts.—When the columns or other supports of a superstructure are at 
close centres in all directions, or when the column loads are so high and the safe 
ground pressure so low that the extent of independent bases almost or totally 
covers the space between the columns, the bases are linked up one with another 
in both directions and form a single raft foundation. The magnitude of the 
loading and the spacing of the columns, determine the shear and bending moments 
that will in turn determine the thickness of the raft. If this thickness does not 
exceed 12 in. a solid slab (Fig. 20(a)) is usually the most convenient and economical 
form ; if this thickness must be exceeded a beam and slab construction designed 
as an inverted floor (Fig. 20(b)) is more satisfactory. In cases where the total 
depth is of the order of 5 ft. or more, a cellular construction consisting of a top 
and bottom slab with intermediate ribs gives the most economical design for 
rafts of large extent (Fig. 20(c)). 

Care should be taken in the preparation of the ground upon which a raft 
is to be built, to ensure uniformity of bearing capacity. Weak places and hollows 
should be filled in with hardcore or with the same material as the ground itself, 
this filling being placed in thin layers well watered and rolled. Any patches 
of gound harder than the general nature of the site, such as rock outcrops, old 
walls, etc., should be cut away for a depth of 2 ft. or more below the foundation 
level and the hollows treated as described. A layer of hardcore well rolled in 
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all over the site thus prepared is also beneficial in producing a uniform quality 
of surface. 

Basements.—The design of a basement, a typical cross section of which 
is shown in Fig, 2 o[d), is partly a problem of raft design, since the loads of the 
ground floor over the basement, the walls and other superstructure above ground- 
floor level, and the weight of the basement itself, are carried on the ground 
under the floor of the basement. For water-tightness it is usual to construct 
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the wall and floor of the basement monolithically, thus tending to spread the 
total load over the whole area of the floor. In average cases this would produce 
a low ground pressure which, however, owing to the large span involved would 
result in large bending moments and consequently a thick floor. Since the 
bulk of the load is transmitted through the walls of the basement, it is more 
economical to consider the load to be spread on a strip immediately under the 
wall and use a ground pressure up to the maximum allowed. The bending 
moment at the edge of the wall due to the cantilever action of this strip will 
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determine the thickness of the strip, but the remainder of the floor can be reduced 
in thickness to 5 in. or 6 in. 

Where basements are in waterbearing soils, consideration must be given to 
the effect of water pressure. The walls must be designed to resist the horizontal 
pressure of the water-logged ground, and the bottom must be strong enough to 
resist the net upward pressure due to the head of water in the surrounding ground. 
It is also equally important to investigate the basement for flotation, of which 
there are two critical stages. When the structure is complete the total weight 
of the basement and all superimposed dead loading should exceed the maximum 
upward pressure of the water by a substantial margin. When the basement 
alone is complete, there should also be an excess of downward load ; if not, one 
of the following steps is required: 

(1) Puniping or similar measures should be taken to control the ground- 
water level in the vicinity of the basement. 

(2) Temporary vent holes should be formed in the floor (or at the base of 
the walls) to enable water freely to enter the basement, thereby equalising the 
external and internal pressures; the vents should be sealed up when sufficient 
dead load from the superstructure is erected. 

(3) The basement should be temporarily flooded to a depth such that the 
weight of water in the basement together with the dead load exceeds the total 
upward force on the structure. 

During the construction of the basement, method (i) is usually the,most 
convenient, but when the basement is complete method (3) is preferable on 
account of its simplicity. 

The designing engineer should specify the depth of water required, and a 
suitable rule for ascertaining this depth in a large basement is i ft. for every 
foot head of ground water less i ft. for every 5-in. thickness of concrete in either 
the basement floor above the waterproof layer or in ground floor above. The 
omission of the weight of the basement walls provides a margin of safety. 

Foundation Piers.—When a satisfactory foundation material is found at 
a depth of 5 ft. to 15 ft. below the natural ground level a suitable foundation 
can be made by building up piers from the low level to ground level, and con¬ 
structing independent bases to the columns or other supports at ground level. 
The piers are generally in the form shown on Table No. 18, and can be constructed 
in brick, masonry, plain or reinforced concrete, whichever is most convenient. 
The maximum bearing pressure of the base on the top of the pier depends on 
the material of which the latter is constructed ; safe values of this pressure for 
various materials are given on Table No. 17. If the top strata are such that the 
excavation will not stand up without timbering, or if water is present in such 
quantities that continuous pumping is required, piers of this type are not usually 
economical. If neither of these disadvantages exists, however, the minimum 
economic size of the pier is when the load it carries is great enough to require 
a pier base equal in area to the smallest hole in which men can conveniently 
work, otherwise imnecessary excavation has to be taken out and refilled. Thus, 
assuming a man can conveniently work in a hole one yard square at a depth 
of 12 to 15 ft., the total load would be 36 tons on a stratum capable of sustaining 
4 tons per square foot. Generally it is better to provide as few piers as possible 
and to collect as much superload as practicable on each pier, thus making each 
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pier of generous proportions. Often it is not necessary to take out a bigger 
hole than is required for the stem of the pier, as the ground may be firm enough 
to be undercut for the widening at the base. In the case of concrete piers this 
procedure eliminates shuttering. 

Reinforced concrete columns can sometimes be economically carried down 
to moderate depths, but in order to avoid slender columns it is usually necessary 
to provide an adequate lateral support at ground level. 

When' piers are impracticable, either by reason of the depth at which a 
firm bearing stratum occurs or otherwise, piles have to be adopted. 

Selection of Type. —In selecting a type of foundation suitable for any 
particular purpose the t3q)e of structure should be considered, and sometimes 
it has to be decided whether any injury to the superstructure may be risked as 
the result of a little local settlement in preference to incurring the expense of 
putting in a more elaborate foundation. In the case of sdo foundations and the 
abutments of fixed-end arches, all risk of unequal settlement must be eliminated, 
but for gantries and bases for large steel tanks a simple foundation can be provided 
and probable settlement allowed for in the superstructure design. In mining 
districts, where settlement can be reasonably anticipated, raft foundations should 
be provided for all major structures in order that the structure as a whole may 
settle equally in all parts. 

3.—Design of Foundations. 

Independent Bases. —Column footings of the form (a) shown on Table 
No. 18 should be so proportioned that the bending stresses are negligible, and 
therefore the thickness of both the upper reinforced concrete footing and the 
lower mass concrete footing should be determined so that the load can be 
distributed on the mass concrete and ground by dispersion. When the angle 
of dispersion is assumed to be not less than 45 deg. to the horizontal the pro¬ 
portions are given by the formulae on Table No. 18 The thickness of each part 
of the footing must also be sufficient to keep the punching shear stresses within 
the permissible limits specified on Table No. 23 ; expressions giving these thick¬ 
nesses are also incorporated on Table No. 18. 

The minimum thickness of reinforced concrete footings of the usual splayed 
type illustrated by (b) and (c) should also be determined from considerations 
of punching shear, and reinforcement provided to resist the bending moments 
specified on Table No. 18, where expressions for the moment at the edge of the 
column are given for square and rectangular bases. The resistance moment of 
splayed footings cannot be determined with precision, and the formulae given on 
p. 252 allow the calculation to be made on a rational and conservative basis. 
When the size of the base relative to its thickness is such that the column load 
can be spread by dispersion over the whole area of the base, no bending moment 
need be considered and only nominal reinforcement need be provided. 

When piers are provided to convey the column loads down to a suitable 
bearing stratum, the proportions of the various parts of the pier should be in 
accordance with the data given on Table No. 18. 

Combined Footings. —When more than one column or load is carried 
on a single base the centre of gravity of the several loads should, if possible, 
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coincide with the centre of the area of the base, in which case the pressure under 
the base will be uniformly distributed. The base should be symmetrically 
disposed about the line of the loads and should be either trapezium-shape as in 
Fig. 2i(a), or be made up of a series of rectangles as in Fig. 21(6). In the latter 
case each rectangle should be so proportioned that the load upon it acts at its 
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centre of area, and the area of each rectangle should be equal to the corresponding 
applied load divided by a safe bearing pressure, the value adopted for this pressure 
being the same for aU the rectangles. If all the loads are equal and the columns 
placed at equal intervals the width of the base would be constant. 

If it is not possible or practiijable to proportion the bases as described the 
resultant load wiU be eccentric, and thus the centre of pressure of the upward 
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ground pressure will have the same eccentricity relative to the centre of area 
of the base. If the base is thick enough to be considered as acting as a single 
rigid member, the ground pressure will vary according to the formulae for eccentric 
loading and will give a pressure distribution diagram as in Fig, 2i{c). If the 
base is comparatively thin this theoretical distribution may not be realised, 
and owing to the flexibility of the base the ground pressure may be greater 
immediately under the loads than at intermediate points, giving a pressure 
diagram somewhat as in Fig. 2i{d). 

In the case of uniform distribution, or uniform variation of distribution, 
the longitudinal bending moment on the base at any section is calculable, being 
equal to the sum of anti-clockwise moments of each load to the left of the section 
minus tne clockwise moment of the upward pressure between the section 
and the left-hand end of the base. With less rigid bases, the relative flexibility 
may result in a redistribution of the ground pressures, the latter being high in 
areas immediately under the loads and less at intermediate areas, the variation 
being somewhat as shown in Fig. 2\{d). Unless the base can be designed for a 
greater proportion of the load to be carried in the vicinity of the load (by 
increasing the width at these areas), the method just outlined for finding the 
bending moments should be adopted. If the alternative design can be adopted, 
considerable reduction in the longitudinal bending moment results (but higher 
transverse bending moment). 

Wall Footings* —When the load on a strip footing is uniformly distributed 
throughout its length, as in the general case of a wall footing, the principal 
bending moments will be due to the transverse cantilever action of the projecting 
portion of the base. If the wall is of concrete, and is built monolithic with the 
base the moment is a maximum at the face of the wall, but if the wall is in brick 
or masonry the maximum moment occurs under the centre of the wall. Expres¬ 
sions for these moments are given on Table No. i8. When the overhang is less 
than the thickness of the base the moments can be neglected, but in all cases 
the thickness of the base should be such that the normal shear stresses are not 
excessive. 

Whether wall footings are designed for transverse bending or not, if the 
safe ground pressure is less than 2 tons per square foot longitudinal reinforcement 
should be inserted to take possible longitudinal moments due to unequal settle¬ 
ment or non-uniformity of loading. A method of assessing the amount of 
longitudinal steel is to design the footing as though it might be called upon to 
span over a cavity (or soft area) of, say, 10 ft., according to the nature of the 
ground. 

Balanced Foundations. —When it is not possible to place an adequate 
base centrally under a column or other load owing to site limitations, and when 
imder such conditions the eccentricity would result in inadmissible ground 
pressures, a balanced foundation can be devised as illustrated diagrammaticaUy 
in Fig. 22(a). This case is very common in designing the external columns on 
city sites. The colunrn is supported on the overhanging end C of a beam BC, 
that is supported on a base at A and subjected to a counterbalancing effect at 
B. The reaction at A, which depends on the relative values of BC and BA, 
can be carried by an ordinary reinforced concrete or mass concrete base designed 
for a concentric load. The counterbalancing can usually be provided by the 
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Fig. ’22.—Balanced Foundations. 


load from another column as in Fig. 22(b), in which case the dead load on this 
column at B should be sufficient to counterbalance the dead and live load on 
the column at C, and vice versa, with a sufficient margin of safety. Formulae 
giving the resulting values of the reactions at A and Ai are given on Table 
No. 18; from these reactions the shears and moments in the beam can be 
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Similarly the maximum moment in beam EF is and 


readily calculated. In dealing with an external column of a building it is usual 
to be able to arrange that the internal column B is immediately over 

If no column loads can be conveniently brought into service to counter¬ 
balance the column at C an anchorage must be provided at B by other means, 
such as the construction of a mass concrete counterweight or the provision of 
tension piles. 

If the column considered is a corner column for which the foundation will 
be eccentric in two directions, one parallel to each main building line, it is 
sometimes possible to introduce a diagonal balancing beam that is anchored by 
the adjacent internal column D {Fig. 22(d)). In other cases, however, the two 
wall beams that meet at the column can be designed as balancing beams to 
overcome the double eccentricity. The overhung bending moment in the beam 
EC is equal to W^e^, where Wj, is the column load and the upward reaction on 

column C is Similarly the maximum moment in beam EF is and 

W £ 

the upward reaction on column F is 

L2 

Raft. —A numerical analysis of a raft foundation supporting a scries of 
symmetrically arranged column loads, is given in the author’s “ Practical 
Examples of Reinforced Concrete Design.” This example follows the general 
assumption of uniformly distributed ground pressure. If consideration is to be 
given to variable settlement of the ground with resulting non-uniform pressure, 
the reader is referred to Mr. A. L. L. Baker’s study of the ” Soil Line ” method 
of analysis. 

When the colurrms or other load points on a raft foundation are not equally 
loaded or symmetrically arranged, the raft should be designed so that the centroid 
coincides with the centre of gravity of the loads. As this will give uniformly 
distributed ground pressure, the area of the raft should be made equal to the 
total load (including the weight of the raft) divided by the safe bearing pressure. 
If this coincidence of centres of gravity is impracticable owing to the extent of 
the raft being limited on one or more sides, the plan of the raft should be made 
such that the eccentricity (e^) of the total loading (Wj) is an absolute minimum, 
and this may produce a raft non-rectangular in plan, as in the example illustrated 
in Fig. 23. The maximum ground pressure, which should not exceed the per¬ 
missible bearing pressure, occurs at A and is given by 

. __ W',,, W^J 


where — total area of the raft 

and = moment of inertia about the axis N ■ ■ N which passes through 
the centroid of the base and is normal to the line joining 
the centroid and the centre of gravity of the loads. 

The minimum ground pressure occurs at B and is given by 

^ Wy W^e^g . 

/p 


The ground pressure anywhere along the line NN will be and from these 
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three determined pressures that at any other point or the mean pressure over 
any area can be assessed. Having arranged a rational system of beams or ribs 
dividing the slab into suitable panels (as suggested by the dotted lines in Fig, 23), 
the slab panels and beams can be designed for the bending moments and shear 
forces due to the net upward ground pressures to which they will be subjected 
during the transference of the concentrated loads to the bearing pressures. 


4.—Piled Foundations. 

Safe Load on Pre-cast Piles.—Reinforced concrete piles are either pre-cast 
or cast in situ, and have been driven in general work in lengths up to no ft., 
although when exceeding 60 ft. it is necessary to give very specied consideration 
to the design of the pile and of the handling and driving plant. Lengths less 
than 15 ft. are seldom economical. For ordinary work pre-cast piles have usually 
a square or octagonal section and are from 8 in. to 18 in. wide, although special 
pUes have been designed in excess of these dimensions. For their support, piles 
either depend on direct bearing resistance on a firm stratum or on side frictional 
resistance in soft strata. The load that can be safely carried on a pile depends 
on the maximum load that the pile can carry when considered as a column and 
on the minimum load that would produce settlement or further penetration of 
the pile into the ground. So many are the factors that enter into a consideration 
of the settlement load for any particular pile that the results of calculations made 
to determine this load do not have quite the conclusive value of the results of 
test loads on driven piles. The value of calculations, however, is greatly enhanced 
when they can be used comparatively in conjunction with loading tests. Such 
tests are often inconvenient and expensive, and for most normal cases the engineer 
has to fall back on safe loads computed by one of the many pile formulae that 
have been put forward from time to time. When a number of these formulae 
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are applied to any one problem, the range of the results will be so wide that at 
first sight it would appear that the use of formulae is most unreliable. This 
apparent inconsistency is largely due to the fact that each formula has its own 
limitations of application, and no particular formula should be used unless one 
is satisfied that the problem in hand falls within the conditions appertaining to 
the formula. 

Pile driving formulae fall into two main groups: (i) Impact formulae which 
are applicable to bearing piles, and which, if carefully selected, can be quite 
reliable, (ii) Friction formulae which are applicable to piles that are supported 
by the frictional resistance of the ground in which they are embedded ; these 
formulae are not very reliable and should be associated with test loadings. 

For the sake of comparison of impact formulae, those which follow have 
been set out in similar form using the notation 
Wx = safe load on pile (tons). 
w = weight of moving parts of hammer (tons). 

H = fall of hanuner (inches). 

n = number of blows per final inch of penetration. 

^ = a coefficient to allow for characteristics of pile, type of hammer 
and method of operation, nature of soil, condition of dolly, 
factor of safety, and other factors not directly represented in 
the formula. (This coefficient is often fallaciously referred to 
as simply the factor of safety.'*) 
p = weight of pile (tons), including helmet, dolly, cushioning, and 
any stationary parts of the hammer resting on the pilehead. 



w 

effective cross-sectional area of pile (square inches), 
length of pile as cast (feet). 

elastic modulus of material of which pile is made (tons per 
square inch). 

elastic constant = 

I2L 

Impact formulae can be conveniently divided into four classes: 

Class I.—These formulae involve only the weight of the hammer and the 
drop, and are sometimes accompanied by a statement regarding the set. 
McAlpine's formula and Haswell's formula are of this type and are useless for 
reinforced concrete piles. 

Class II.— This class takes the simple form 



The formulae proposed by Sanders {k = 8), Merriman {k — 6), and Beig {k — 10) 
are in this class, but this type of formula is unreliable unless the value of k can 
be fixed with regard to all the variables encountered in pile driving. The Welling¬ 
ton series of formulae for timber piles represents the factor k by an expression 
involving n, as does also the Nicholson formula for concrete piles. For well- 
driven concrete piles a value of k between 20 and 30 seems to be suitable. 
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Class III.—^This class would include those formulae that, in addition to 
the primary factors w, H and n, also involve the ratio of pile weight to hammer 
weight. The best known is possibly the Dutch formula in its simplified form 

w = 

‘ A(I + R)' 

For concrete piles the value of k would lie between 3 and 9. For piles subjected 
to dead loads only and driven by a winch-operated drop hammer the value of 
k should be taken as 6 if a helmet and dolly are used, but if no dolly is provided 
^ = 4, and these values can be decreased by 10 per cent, if a single-acting steam- 
hammer is used. The safe loads calculated by this formula with these values 
of k have been tabulated on Table No. 19 assuming the set to be y^inch per blow 
(i.e. n — 10) and the hammer drop to be 3 ft. For other values of n and H 
an expression for adjusting the tabulated loads is given, but this formula gives 
rather too high a value of for sets smaller than those represented by n — 10. 
High values of k should be used if the soil is resilient and up to 50 per cent, higher 
if the working load will be vibratory. 

The Brix formula is also commonly used for reinforced concrete piles driven 
with drop hammers. This formula, 

w = 

‘ k(i + 7 ?)*’ 

can be used for higher values of n than the Dutch formula, using the same range 
of values for k as advocated for that formula. An American range of formulae 
of this cla.ss is of interest as indicating the effect of the type of the hammer : 

Drop hammer, 


Single-acting hammer, — 


Double-acting hammer, Wi 


6(1 + R) 
wHn 

6(1 -f o-iRn) 
{ap -f w)Hn 


6(1 — cRn) 
in which a = piston area (square inches). 

p ^ steam pressure (tons per square inch). 
c = constant = o*i to 0*3. 


Class IV. —This class includes the more complex formulae and embraces 
a group of formulae that incorporates the elasticity of the pile. Representative 
of this group is Rankine’s formula 

where = 3 for dead loads, pile driven without dolly, 

= 4 for general work (dead loads and dolly), 

= 5 for vibrating working loads. 

The formulae proposed by Redtenbacher, Weisbach, and Bennett are somewhat 
similar, and such formulae can be used for most concrete pile problems, or as an 
alternative the use of the more modern and comprehensive formula proposed 
by Mr. Hiley and extensively used is advocated. 
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I'his formula embraces all the major variants occurring in pile driving 
problems, such as weight and type of hammer, drop, penetration per blow, 
length of pile, shape of point, type of helmet, nature of ground, and material of 
which the pile is made. In the form given on Table No. 19 the constant c takes 
into account the energy absorbed in temporarily compressing the pile, the helmet, 
and the ground, and values of c for various degrees of severity of driving 
reinforced concrete piles of various lengths are given. These values assume 
that the pile is fitted with a helmet with packing and dolly of the type usually 
employed in connection with concrete piles. When no helmet is used the value 
of c should be reduced by o*i in. Since the quake of the earth below the pile 
shoe is included in this value it follows that the nature of the ground affects c, 
and the tabulated values are applicable to a firm gravel sub-stratum. If the 
pile bears on clay an additional 0*05 in. should be allowed, and if the material 
is of a peaty character with soft ground below it as much as 0*20 in. can be added 
to the tabulated value of c for normal driving conditions. The factor 2 c is a 
quantity that is measurable on any pile that is being driven if proper arrange¬ 
ments are made, since it represents the difference between the permanent penetra¬ 
tion for one blow and the maximum instantaneous depression of the pile-head 
as measured at the top of the helmet. 

p 

The factor e represents the efficiency of tlie blow and depends on the — 

w 

H 

ratio ; values of c are given on Table No. 19, together witli values of which 

H 

allow for the freedom or otlierwisc of the drop. Settlement loads as calculated 
by the Hiley formula are subject to a factor of safety allowance of i| to 3 for 
normal structures. 

Class V. —When piles are driven into soft material and depend solely upon 
friction for their support, the safe load can be calculated by either of the following 
formulae: 

(i) W - L[k,L(B f D) + k,] 

(ii) W --- k^(B -f D)L t- k,BD 

where L ^ embedded length of pile (ft.) 

B -- breadth of pile (in.) 

D width of pile (in.). 

The factors ki, k^, and depend on the character of tlie ground 
driven through and into, and appropriate values are given on Table No. 19. 
Formula (i) is more suitable when the material under the shoe of the pile is not 
of much better quality than that in which the greater length of the pile is 
embedded ; formula (ii) is more applicable to cases where the lower few feet 
of the pile penetrate a firmer stratum than that surrounding the major portion 
of the pile. 

When a pile is driven through a fairly soft material to refusal on hard strata 
(rock) the safe load is determined by the strength of the pile considered as a 
column. 

Design of Pre-cast Piles. —Reinforced concrete piles should be designed 
to withstand the stresses due to handling, driving, and load carrying, with appro¬ 
priate factors of safety. These operations are discussed more fully in the author's 
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book ‘‘ Concrete Construction." Cracking due to overstressing young concrete 
during the handling and slinging operations can be guarded against by so arranging 
the position and number of the points of suspension that the stresses due to 
bending moments produced by the weight of the pile itself are within the safe 
tensile stresses. For square piles of i : if : 3f mix and having a normal per¬ 
centage of longitudinal steel the maximum moment due to bending about an 
axis parallel to one side of the section should not exceed 6oD* in.-lb. approximately, 
where D = length of side in inches. 

If toggle holes are provided some degree of assurance that the pile will not 
be lifted so as to bend about a diagonal is attained. The toggle holes should 
be so arranged that the minimum bending moments are experienced during 
lifting, and the appropriate positions of the holes for this condition for single 
and double-point lifting are given on Table No. 19. The size and length of the 
pile wiU determine whether single or two-point lifting should be adopted. 

The maximum compression stresses experienced in a pile are usually those 
due to driving and occur at the head of the pile, generally as final set is approached. 
In the simplest case this stress would be approximately the driving force divided 
by the total effective cross-sectional area, but even with a well-centred pile it 
is probable that the maximum stress is at least double the mean stress. The 
driving force can be approximately calculated from the factors involved in the 
Hiley formula, and thus the probable maximum stress is given by 

_ 2wHien 
A(i + cn) 

where A = total effective cross-sectional area of the pile. 

If the value of greatly exceeds the normal allowable compressive stress 
there is danger that the cover concrete may spall off at the head of the pile. 
Therefore if driving conditions are anticipated in which by calculation exceeds 
the safe normal stress, either the richness of the mix or the effective cross-section 
of the pile should be increased, and helical binders should be provided in the 
topmost few feet of the pile. Octagonal piles usually have helical binders 
throughout their whole length. 

In Fig. 24 is illustrated a typical detail of the reinforcement in a square 
reinforced concrete pile, in which helical binders at the head of the pile are 
provided. The arrangement of the toggle holes and spacers is also indicated. 
For driving into clays, gravels, or sands a pile shoe having a two to one overall 
taper, as shown in Fig, 24, is usually satisfactory, but for other types of soil 
other shoe shapes are necessary. If the pile has to be driven through soft material 
to take a bearing on a thin bed of gravel overlying softer ground it is necessary 
to have a blunter shoe to prevent punching through the thin strata. For friction 
piles driven into soft material throughout a shoe is not absolutely necessary, 
and a blunter end should be formed as in Fig. 24(a). When driving through 
soft material to a bearing on soft rock or stiff clay, the form of pile end shown 
in Fig. 24(6) is satisfactory so long as driving ceases as soon as the firm stratum 
is reached or is only just penetrated. When driving down to hard rock, or 
where heavy boulders are anticipated, a rock shoe as shown in Fig, 24(c) should 
be fitted. 

Irrespective of the load the pile can carry before risk of settlement is incurred. 
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the stress produced by the working load on the pile acting-as a column should 
be considered. For calculation of the stress reduction due to slenderness (see 
Chapter XIII) the effective length of the pile can be considered as two-thirds 
of the length embedded in soft strata (or one-third of the length embedded in 
fairly firm strata) plus the length projecting above the ground, and usually 
the end conditions of a pile are equivalent to the general case of one end fixed 
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and one end hinged. In no case should the effective column length be assumed 
at less than 5 ft. plus the projecting length. 

Piling Plans. —In preparing pile lay-outs attention must be given to 
practicability of driving as well as to effectiveness for load carr^ung. In order 
that each pile in a group shall carry an equal share of the load the centre of 
gravity of the pile group should coincide with the centre of the superimposed 
load. The clear distance D between any two piles should generally be not less 
than 2 ft. 6 in., except in clays where experiments indicate that a clear distance 
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equal to the size of the pile is effective. So far as possible piles should be arranged 
to lie along a series of straight lines in both directions throughout any section 
of a particular job, as this form of lay-out minimises the amount of movement 
of the driving frame. The lay-out should also allow for driving to proceed in 
such a way that any displacement of earth due to the consolidation in the piled 
area shall be free to take place in a direction away from the piles already driven. 

Pile Caps. —Pile caps should be designed primarily for punching shear 
around the heads of the piles and around the column base and for bending moment 
due to transferring the column or other load to the piles. The thickness of the 
cap should also be sufficient to provide adequate bond length for the pile bars 



and column dowel bars. If the thickness is such that the column load can all 
be transmitted to the piles by dispersion no bending moments need be con¬ 
sidered, but usually when two or more piles are placed under one column it is 
necessary to reinforce the pile cap for the bending moments produced. Fig. 25 
illustrates typical details of pile caps suitable for three and five piles in a group, 
and in each case each of the bands of steel marked A is provided to give a 
resistance equal to a single pile load multiplied by the distance from the centre 
of the pile to the column. The shear and compressive stresses on the concrete 
must be investigated in these cases. 

The secondary reinforcement should consist of J-in. or i-in. horizontal bars 
that will bind the concrete around the head of the piles. 
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Loads on Piles in a Group. —If the centre of gravity of the total load 
Wjr on a group of N piles is coincident with the centre of gravity of the piles, 
each pile will be approximately equally loaded, and will be subjected to a load 


If 

equal to —. 


If the centre of gravity of the load is displaced a distance e from 


the centre of gravity of the pile group, the load on any one pile is given by 


W, 




wliere = the sum of the squares of the distance of each pile measured from 
an axis passing through the centre of gravity of the pile group and at riglit angles 
to the line joining this centre of gravity to the centre of gravity of the applied 
load. 

— tlie distance of the pile considered from the above axis ; this dimension 
will be positive if on the same side of the axis as the centre of 
gravity of the load, and negative if on the opposite side. 

If the structure supported on the pile group is subject to a general bending 
moment, M, which is transmitted to the foundations, the expression given for 

M 

the pile load can be used by substituting e =. 

yy 

Cast-in-situ Piles.—In certain conditions a casMn-situ pile, of which 
type there are many different patented systems, is preferable to a precast pile. 
The following advantages are obtained with cast-in-situ piles, although all the 
points enumerated are not applicable to any one system. 

(1) Variable length of piles is obtainable when depth of bearing stratum 
varies. 

(2) Pile can be stopped-off at any level below ground. 

(3) Formation of club-foot ” to give increased bearing area (bored types 
only). 

(4) Punching through intermediate hard stratum (tube-driven types only). 

(5) Increased friction in soils such as compact gravels. 

(6) No effect on adjacent piles or on ground level due to consolidation of 
ground when many piles are driven in a constricted area (bored types only). 

(7) Silent and vibrationless (bored types only). 

(8) Small headroom required (bored types only). 

(9) Cutting-off surplus lengths or lengthening in-situ is not required. 


In general the advantages of a pre-cast pile over a cast-in-situ pile include : 

(1) Hardening of concrete unaffected by deleterious ground waters. 

(2) Pile can be inspected before driving into ground (but faults below ground 
are not evident). 

(3) Pile size not affected by water below the ground. (This applies also 
to cast-in-situ types with a central core.) 

(4) The piles can be driven into river beds, etc., for jetties, etc. 


In any given instance the procedure to be adopted by the designing engineer 
is to set down the conditions and limitations applicable to the problem, and to 
select the pile (either pre-cast or bne of the cast-in-situ type) that complies with 
the greatest number of these requirements. 



CHAPTER VII 


RETAINING WALLS AND CONTAINERS 

Methods of calculating the horizontal pressures due to retained earth, and due 
to liquids and dry materials contained in tanks, bunkers, and silos, are given 
in Chapter III, and the data ordinarily necessary for this calculation are given 
on Tables Nos. 5 and 6 (pp. 219 and 221). The present chapter deals with the general 
design of retaining walls and container structures, and with the calculation of 
the forces and moments produced by the pressure of the retained or contained 
materials. Where containers are required to be watertight, the recommendations 
giverf in the appropriate report of the Institution of the Civil Engineers have 
in general, been followed. 


1.—Retaining Walls. 

Types of Walls. —A retaining wall is essentially a vertical cantilever, and 
when constructed in reinforced concrete can be a simple cantilever wall, a 
counterforted wall, or a sheet-pile wall. 

A simple cantilever type is suitable for walls of moderate heights and can 
be constructed either with a base projecting backwards under the filling, as in 
Fig. 26(a), or witli a base projecting forward as in Fig. 26(6). The former type 



Fig. 26.—Typical Details of Cantilever Retaining Walls. 
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is generally more economical. Designing methods for both types are discussed 
later. 

Counterforted design is suitable for high walls or great pressures. The 
slab panels span horizontally between vertical counterforts or buttresses as in 
Fig. 27(a), although in cases of high walls, the slab spans vertically on to horizontal 
beams (as in Fig, 27(h) which react on the counterforts. By graduating the 
spacing of the beams the maximum bending moments in each span can be kept 
equal and the slab maintained the same thickness throughout. When the 
horizontal shearing stresses will allow, the web of the counterfort can be cut 
out as indicated by the dotted lines in Fig. 27(a). Counterfort type walls 
are designed in accordance with the same principles with regard to stability, 
shding, and ground pressures as are simple cantilever walls, except that these 



Fig. 27.—Counterfort Retaining Walls. 


factors are investigated for a length of wall equal to the distance apart of the 
counterforts instead of a length of i ft. 

Pressures behind Walls. —The value of the horizontal pressure due to 
retained earth is often taken as 27h lb. per square foot, where h is the depth (in 
feet) of earth above the point under consideration, as discussed in Chapter III. 
When the ground is compact a less conservative fig^are is often assumed, say 
22h, which corresponds to an angle of repose of 40 deg. and a density of 100 lb. 
per cubic foot. The values 27h and 22h assume a horizontal fill and would be 
increased or reduced for positive or negative surcharges. 

In uncertain ground, or ground that may be accidentally waterlogged, it is 
often advantageous to design for a factor of safety of 4 against ground pressure, 
and of 2\ against possible water pressure. 

Cantilever Retaining Walls. —The factors affecting the design of simple 
cantilever walls are usually considered per foot length of wall when the wall is 
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of uniform height, but when the wall is of varying height a section of convenient 
length, say lo ft., should be treated as a complete unit. Formulse giving the 
limiting values of the moments, forces, and dimensions, etc., for simple cantilever 
retaining walls are given on Table No. 20 (page 257). The principal factors 
to be considered are as follows : 

Stability .—A minimum factor of safety of i J against overturning should be 
allowed. 

Ground Pressure .—^The maximum pressure should not exceed the allowable 
pressure for the type of ground upon which the wall is founded. 

Sliding .—^The total vertical load multiplied by an adequate coefficient of 
friction should exceed the total horizontal pressure by at least 50 per cent. For 
sands, gravels, rock, and other fairly dry soils, a coefficient of o *4 is suitable, but 
for less reliable clayey soils a rib should be provided on the underside of the 
slab to ensure a more definite resistance to sliding. In walls of the form shown 
in Fig. 26(b), where the vertical load is always small compared with the horizontal 
pressure, such a rib should always be provided either immediately below the 
wall stem as indicated or at the extreme edge of the toe as shown in the alternative 
(dotted) sketch. 

Resistance Moments .—^The safe resistance moment of the stem of the wall 
should be equal to the bending moment, which can be calculated from the pressure 
behind the wall, and may be critical at the top of the haunches at the base 
of the stem. The base slab should be made the same thickness as the bottom 
of the wall stem and the same steel should be provided. The base slab can be 
tapered as indicated in Fig. 26. 

Expansion and Contraction. —Long walls should be provided with 
expansion joints, suitable details of which are given in the next chapter. To 
reduce the risk of cracking due to shrinkage, appropriate methods of construction 
should be specified (see the author's Concrete Constructionand as a further 
precaution against contraction and temperature cracks occurring on exposed 
faces of walls reinforced principally on the earth face, a mesh of reinforcement, 
say |-in. diameter bars spaced at 12-in. centres horizontally and vertically, 
should be provided on the e.xposed face if the wall thickness exceeds 8 in. 

Drainage behind Walls. —Tapering the base slab in front of and behind 
the wall serves not only to economise in concrete but also to assist drainage, the 
consideration of which is of some importance in retaining wall construction, 
especially for walls that have been designed for low pressures. Where the fill 
behind the wall is gravel or sand, a French drain of loosely-packed rubble should 
be constructed along the base of the back of the wall, and weep-holes, 3 in. to 
6 in. diameter, provided at intervals of about 10 ft. A weep-hole should be 
provided in every pocket" formed by counterforts, and the top surface of any 
intermediate horizontal beams should be given a slight slope away from the back 
of the wall. With backings of poor porosity, hand-packed rubble placed behind 
the wall for almost the whole height, in addition to weep-holes, materially assists 
effective drainage of the filling, and since the rubble is partly self-supporting 
the pressure on the stem is to a certain extent relieved. The filling behind the 
wall should not be tipped from a height into position, but should be carefully 
deposited in shallow horizontal layers. 
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Fig. 28.—Sheet Pile Walls. 
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ALTECNATIVE DESIGNS TOR SHEET PILE JOINTS 



following pile starting RLE 

SHOES FOR SHEET PILES 
Fig. 29.—Sheet Piles. 
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2.—Sheet Pile Walls. 

General Design, —When satisfactory bearing strata are not encountered 
at a reasonable depth below the surface of the ground in front of a retaining 
wall, sheet pile walls are usually adopted. Such walls are constructed by driving 
pre-cast reinforced concrete sheeting into the ground a sufficient distance to 
obtain an anchorage for the vertical cantilever effect and security against sliding 
forward and spewing. This type of wall is particularly suitable for waterside 
works, and in the simplest form the sheeting simply cantilevers out of the ground, 
the pile heads being generally stripped and bonded into a cast-in-situ capping 
beam. 

Typical sections of sheet piles and common designs for the tongue-and- 
groove jointing that is necessary to maintain alignment during driving are 
given in Fig. 29, which also illustrates typical shoe shapes for “ starting 
piles ** and “ following piles.*' (For suitable dimensions see “ Concrete Con¬ 
struction.**) 

If the height of the wall and the pressure on the sheeting are such that an 
excessive pile section is required the introduction of a tie at capping beam level 
will reduce the maximum moment. This tie can be either constructed in rein¬ 
forced concrete or can be a mild steel bar, properly anchored into the capping 
beam and wrapped with bitumenised hessian to protect it from corrosion. The 
capping beam must be designed to span between the ties and to take the horizontal 
reactions from the top of the sheeting. The remote end of the tie should be 
anchored behind the natural slope of the ground, and the anchorage should be 
provided by a block of mass concrete, a vertical concrete plate, or preferably 
by an anchor pile. Although the force in the tie is increased, moments can be 
reduced by placing the tie at a point below the top of the wall; a suitable beam 
must then be provided at this level. 

Forces on Sheet Pile Walls, —The forces on a simple cantilever sheet pile 
wall are as indicated in Fig. 28(a), in which is the active pressure due to the 
filling and surcharge behind the wall and P, and P3 are passive pressures pro¬ 
ducing the necessary restraint moment to resist the overturning effect of Pi. 
The maximum moment in the sheeting will occur at some point D, and the 
distance L is calculated by the factors given in the column headed free ** 
on Table No. 20 (page 257) for different angles of repose for the ground in which 
the pile is embedded ; these factors, together with in the same column, are 
based on the more comprehensive range deduced by A. Freund. It is sufficient 
if the bending moment on the sheeting be calculated as P^x, the value of Pi 
being conveniently represented by the area of the trapezium A BCD in Fig. 28(a), 
which value can be determined from Table No. 5 (page 219). The distance x 
locates the centroid of the area. The embedded length of the sheeting must 
be great enough to enable sufficient passive pressures to be produced, and the 
factors (Table No. 20) referred to enable this length to be calculated. 

When a tie is introduced at the top of the sheeting the forces acting on the 
sheeting are as shown in Fig. 28(6), which are similar to those in Fig. 28(a) 
except for the introduction of the horizontal force T in the tie. It is not simple 
to determine the variations of the pressure by mathematics with any precision, 
and therefore it is recommended that design problems be tackled in the following 
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manner. The factors in the column headed ‘‘ hinged'' on Table No. 20 will 
give the minimum value for h for the production of sufficient restraint moment. 
The embedded length h must not, however, be less than either of the minimum 
values required to resist forward movement of the toe or to prevent spewing. 
The sheeting will be stable if 

PzX > IP^y 

where P3 = total active pressure on the whole depth of the sheeting 
as shown in Fig. 28(c). 

— total maximum passive pressure that can be brought into 
play in front of the sheeting. 

The value of P3 can be computed from the data on Table No. 5, and P4 will 
be calculated from the formula given in Paragraph 6 of Chapter III. The factor 
I is introduced in order to allow a margin between the theoretically calculated 
passive resistance and that actually required. 

To prevent spewing in front of the sheeting the embedded length should not 

be less than —=— 
w 

where W — weight per square foot at point E of earth and surcharge 
above this point. 

w — weight per cubic foot of earth in front of sheeting. 

^2= pressure factor taken from Table No. 5. 

The bending moment on the sheeting can be calculated by first determining 
L from the factors given in the column headed “ hinged '' on Table No. 20. The 
sheeting can be considered as a propped cantilever of span L built in at D and 
propped at A and subject to a trapezoidal load represented by the area ABCD. 
This load can be divided into a uniformly distributed load and a triangularly 
distributed load, for both of which the moment coefficients can be read off Table 
No. 7 (page 223). This Table also gives the reaction on the prop, and in this case 
this reaction represents the force in the tie. Since the security of this design of 
wall depends on the efficiency of the anchorage, no risk of underrating the force 
in the tie should be incurred ; it is better to increase the force to be provided 
for from the value given by the theoretical reactions to half the value of Pi. 
The value of this force should certainly not be less than P^ — ^P^, which is the 
unbalanced part of the outward active pressure. 

In the case of the anchored wall illustrated in Fig. 28(6) and (c) it is 
assumed that the connection between the tie and the head of the sheeting is 
equivalent to a hinge ; that is, the moment at A is zero. If the wall is extended 
above A, either by continuing the sheeting or by constructing a cast-in-situ wall, 
as shown in Fig. a moment is introduced at A equal to P^z, where P5 

is the total active pressure on the extended portion of the wall AF. This moment 
will introduce a negative moment in the sheeting at A , but will reduce the positive 
moment in the sheeting between D and A and will also reduce the negative 
bending moment at D. If this moment at A is large enough to produce con¬ 
ditions amounting to complete fixity at A, then the span L can be calculated by 
the factors ky given in the column headed fixedon Table No. 20. In this 
case also the factor ky in the same column will give the minimum embedded 
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length h, but at the same time h must be sufficient to prevent spewing and 
forward movement as alre^idy described. The equation for stability will be 

PzX-ll\y^P,z. 

The force allowed for in the tie will be given by 

r == P 3 - §P4 + P. 
or P = o-sPg + P5 

whichever is greater. The moment on the sheeting will be calculated from the 
pressure represented by the area of the trapezium A BCD, considering tlve beam 
fixed at both ends and using the appropriate coefficients given on Tabic No. 7 
and the reduction factors tabulated below. 

When the moment at A is insufficient for complete fixity, the moments, 
forces, and values of L and h will be intermediate between those for hinged and 
fixed conditions at A, 

A horizontal slab supported on a system of king piles is sometimes provided 
at A , and this has a sheltering effect on the sheeting insomuch that if it is carried 
far enough back it can completely relieve the sheeting below A from any active 
pressure due to earth or surcharge above the level of A. 

Reduced Pressures on Flexible Walls. —The pressures behind flexible 
walls adjust themselves in such a way that the moments on the walls are reduced. 
Mr. Stroyer has put forward a formula by which the amount of this reduction 
can be assessed for reinforced concrete sheet pile walls. Without restricting the 
thickness-height ratio, this formula gives the following reduction factors, which 
are more conservative than those put forward by the Danish Society of Engineers. 


B.M. Reduction Factors^ for Sheet Pile Walls. 

Not applicable to simple cantilevered walls. 

Factors result from redistribution of pressures, not from pressure reduction. 


Angle of Repose 

5 deg. or less 

15 deg. 

ao deg. 

30 deg. 

35 deg. 

45 deg. or over 


O'oa 

i-oo 

o-8o 

0*70 

056 

a'48 

036 


o-xo 

xoo 

0-88 

o*8o 

069 

o-6a 

050 


o-ao 

i-oo 

o.ga 

0-86 

078 

o-7a 

060 


0*30 

I’OO 

0-93 

0*90 

0*83 

078 

0-69 

to span 

0-40 1 

I-oo 

0*96 

0-91 

087 

0*83 

076 


3.—Tanks. 


Direct Tension in Walls of Cylindrical Tanks. —The walls of a cylindrical 
tank are primarily designed to take the direct tension due to the horizontal 
pressures of the contained materials, and if p lb. per square foot is the unit 
pressure at any depth the value of the direct tension on a ring i ft. in depth is 
given by 

T — o* 5/>D lb. 


where D == internal diameter of the tank (ft.). Sufficient horizontal steel must 
be provided to take'this tension, and if t lb. per square inch is the safe tensile 
stress and ^ 4 ^, is the area of the cross section of the reinforcement (sq. in.) in a 
ring I ft. in depth 


A^ rp 




For tanks containing liquids tlie value of / should be 12,000 lb. per square 
inch, but for dry materials a stress of 18,000 lb. per square inch can he allowed. 
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These stresses and the length of overlap allowed on the bars should be subject 
to the remarks in Chapter X. For cylindrical tanks containing liquids the 
thickness of the walls should be determined in relation to the total direct tension. 
In order that tension cracks should not become localised, the tensile stress in the 
concrete should be kept within reasonable limits; a suitable maximum value 
for the concrete tensile stress for a i: if : 3J concrete having the properties 
required for impermeable construction (see Table No. 23) is 175 lb. per square 
inch. The minimum thickness of the wall d (in.), at any depth h, for any value 
of t adopted in the design of a tank containing a liquid weighing w lb. per cubic 
foot, is given by 

- I) j 


If the tank contains water {w = 62 4 lb. per cubic foot) and is designed 
for t — 12,000, Cf == 175, and m — 12, this expression reduces to 

, hD . 


when h and D are in feet. 

It is not usually recommended that the thickness of walls should be less 
than 4 in. or 5 in. irrespective of the head of water. 

Bending Moments in Walls of Cylindrical Tanks. —In addition to the 
horizontal tension in the walls of a cylindrical container the bending moments 
produced by fixity at the base of the walls must be considered. Unless a definite 
joint is made at the foot of the wall there will be a certain amount of continuity 
between the walls and the base slab that will cause vertical cantilever action for 
a certain height up the wall. In consideration of this problem there are three 
principal factors, namely, (a) the bending moment at the base of the wall, 
{h) the point at which the maximum ring tension occurs, and (c) the magnitude 
of the maximum ring tension. 

The coefficients and formula? for determining these factors given on Table 
No. 20 are derived from Mr. H. Carpenter's simplification of Dr. Reissner's 
exhaustive mathematical consideration of the subject. In the complete study 
the shape of the wall enters into consideration, but the differeifce between the 
moments at the bases of triangular or rectangular walls (other conditions being 
equal) is so small that the usual intermediate case of a trapezoidal section can 
be considered the same as a rectangular wall. The error involved would partly 
offset the error of assuming perfect fixity at the junction of the wall and base 
slab. 

The design procedure is first to determine the maximum vertical moment 
and provide an equal resistance moment at the base of the wall. This is followed 
by the determination of the maximum ring tension and the point on the wall 
at which this occurs ; sufficient steel (and concrete) must be provided at this 
point to take this maximum tension. Above this point the steel can be uniformly 
graded down to a nominal amount, and below this point the steel can be main¬ 
tained equal to that required for the maximum ring tension. 

Walls of Rectangular Tanks. —^The bending moments and direct tension 
on the walls of rectangular tanks would be calculated in the same manner as 
described later (see p. 98) for bunkers. For impermeable construction, however, 
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using a concrete of i: if: 3 J mix the maximum compressive stress in the con- 
Crete should not exceed 880 lb. per square inch, and the maximum tensile stress 
in reinforcement should not exceed 12,000 lb. per square inch. This stress, 
however, may be increased to 16,000 lb. per square inch for reinforcement on 
beam faces remote from the liquid. To minimise the risk of cracking, the tension 
in the concrete should not exceed 250 lb. per square inch. This requirement 
applies to all slabs with liquid on the tension face, but only to slabs less than 
9 in. thick with tension on the face remote from the liquid. Neglecting the 
reinforcement, the resistance moment of a section at 250 lb. per square inch is 
426Z)2 where D is the total depth of the section. With a modular ratio w — 12 
and minimum percentages of reinforcement the moment is 436D2 and upwards. 
(See Table No. 31A.) 

Bottoms of Elevated Tanks.—The design adopted for the bottoms of 
elevated tanks depends on the diameter of the tank and the head of water 
sustained. For very small tanks a flat beamless slab bottom is satisfactory, 
but beams are necessary for tanks from 10 ft. up to, say, 25 ft. in diameter. 
Alternative arrangements are indicated in Fig. 30(a) and (6). In Fig. 30(a) 
each beam is designed to span between opposite columns and takes one-quarter 
of the load on the tank bottom. The remainder of the load not taken by the 
two beams, together with the weight of the walls and the roof load, is taken 
directly on to the columns through the walls. In the arrangement shown in 
Fig. 30(6), each length of beam between columns takes the loading on the shaded 
area, and the remainder of the loading on the floor of the tank together with the 
weight of the walls and the roof load is equally divided between the eight 
cantilevered portions of the beams. 

For large diameter tanks domical bottoms (and roofs) of either of the types 
shown in Figs. 30(c) and 3o(d?) are most economical, and although the shuttering 
is much more costly the saving in material over beam and slab construction is 
considerable. The ring beams marked R take the horizontal component of the 
thrust from the domes, and the thicknesses of the domes are determined by the 
magnitude of this thrust. The working compressive stress in the roof domes 
should be kept low, say 20 per cent, of the normal safe stress, in order to guard 
against localised increases due to incidental point loading or to non-uniform 
distribution of the superload. For the bottom domes, where the uniformity of 
the loading is more assured, a higher stress- can be worked to, and about one- 
half to I per cent, of reinforcement should be provided in each direction. The 
shear around the periphery of the dome should also be investigated and sufficient 
concrete thickness provided to resist the shearing forces. Expressions for the 
maximum axial thrust and vertical shear around the edge of the dome, together 
with the resultant ring tehsion in the ring beams, are given on Table No. 22 
(page 261). 

The Intze form of tank bottom illustrated diagrammatically in Fig. '^o(d) 
produces an economical design for large diameter tanks. The outward thrust 
from the top of the conical section is taken by the ring beam 5 , and the difference 
between the thrust from the bottom of the conical section and the thrust from 
the domical section is taken by the ring beam T. Referring again to Table 
No. 22, expressions are given for the forces, etc., in the various parts of such a 
tank bottom ; the proportions of the rises and diameters of the conical and 
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domical sectioniJ can be so arranged that the resultant thrust on T is zero. 
Suitable proportions for bottoms of this type are given in Fig, 30(e), and the 
volume for a tank of diameter D adopting these proportions is 0*5850^. The 
walls of the cylindrical portion of the tank should be designed in accordance with 
the principles described in the previous paragraph, due account being taken 
of the cantilever moment at the base of the wall and its effect as a transverse 
moment in the conical section. 

The floors of tanks must be designed to take, in addition to any of the forces 
and moments already described, any direct tensions due to vertical spanning, 
or partial cantilever action, of the walls. 

It should also be observed that the weight of liquid in any single compart¬ 
ment should be treated as a dead load when assessing bending moment coefficients, 
as all spans will be loaded simultaneously. When designing tee-beams in tank 
bottoms for negative bending moments, the section should be investigated to 
ensure that the tension in the concrete (on the water face) does not exceed 250 lb. 
per square inch. For this purpose the width of slab considered as part of the 
tee should be taken from Table No. 32 (page 281). 

Columns Supporting Elevated Tanks.—It is important that the., 
should not be unequal settlement of column foundations supporting elevated 
tanks and for this reason, if the ground is at all doubtful, a raft foundation is 
preferable to any other. 

In addition to the bending moments and shears due to wind pressure on the 
tank, as described in Chapter V, (Fig. 17,), the wind moment induces direct 
forces in the columns ; these are thrusts on the leeward side and tensions on the 
windward side. The value of this thrust or tension can be calculated simply 
for a group of four columns. If the wind moment is ft.-lb. and the distance 
apart of adjacent columns is D ft. the following expressions apply: 

Wind normal to D : M^r ^ PH (Fig. 17,) 

Force in each column on leeward side = + 

2D 


Force in each column on windward side = ~ 


zb 


Wind normal to diagonal: 

M 

Force in leeward comer column = -f —^ 

Dy/z 

Force in windward comer column = — 

DVz 


For any other arrangement of columns, the force in any column can be 
calculated from the moment of inertia of the group. For example, consider a 
wind moment of due to wind normal to the axis FFN of the group of eight 
columns illustrated in Fig. 30(f). The moment of inertia of the group about 
NN is 

2 X (o* 5 Z >)2 = O'SD* 

4 X (o' 353 D )2 = O'SD* 


I = roD\ 
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Force on extreme leeward column = + — 

The forces on the remaining columns would be determined similarly, substi¬ 
tuting the appropriate arm " for o-^D, 

Temperature Effects. —For tanks containing hot liquids, lower working 
stresses should be used for the bending moments and forces due to the pressure 
of the contained liquids. A method of determining the increased stress due to 
temperature changes is described in the next chapter. 

In Great Britain the effects of temperature due to weather variations are 
seldom sufficiently serious to be considered in tank design, but elsewhere it may 
be necessary to protect the reinforced concrete structure from extreme exposure 
to the sun. External linings of timber, brickwork, or similar material may be 
necessary or, alternatively, it will be essential to design for bending moments 
due to differences of temperature on opposite faces. 

Joints. —Details of joints suitable for reservoirs, swimming pools, tanks, 
etc. are given in the next chapter. The reader is also referred to the summary 
of experiences and recommendations given in the Institution of Civil Engineers 
C(xie of Practice for reinforced concrete structures for the storage of liquids. 

Underground Tanks. —Underground or submerged tanks will be subjected 
to external pressures due to the surrounding earth or water, which will produce 
direct compression in the walls. The stress produced by this compression on 
the walls of cylindrical tanks will be a maximum when the tank is empty, and 
is given by 



2 [i2d -f- (m — i)A^] 


where — intensity of external pressure at the depth considered (see Chapter III). 

This stress is usually well within safe limits. Unless conditions are such 
that the permanence of the external pressure is assured, the tensional relief pro¬ 
vided by the compression should be disregarded altogether in the design of the 
tank when full. When empty, the structure should be investigated for flotation 
if it is submerged in a liquid or is in waterlogged ground. 

Reservoirs with earth banked-up against the walls and over the roof should 
be designed for earth pressure from outside with the tank empty, the full pressure 
given by the Rankine or similar formula being assumed. When the container 
is full, in general no reduction should be made to the internal pressure by reason 
of the external pressure, but in cases where the designer considers such reduction 
justified, the amount of the reduction should be considerably less than the full 
theoretical Rankine pressure. 

The earth cover over the roof of a reservoir should be considered as a live 
load, although it is ultimately a uniform load over all spans simultaneously. 
When the earth is being placed in position, conditions may occur whereby some 
spans are loaded and others are unloaded. Often, however, the designer can 
specify and ensure that the earth cover can be applied in such a way as to 
minimise the bending moments. 
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4.—Bunkers and Silos. 

Properties of Contained Materials. —The weights of materials that are 
stored in bunkers, etc. are discussed in Chapter II and included on Table No. 4 
(page 217), while the pressures due to these materials are dealt with in Chapter III 
and Tables Nos. 5 and 6 (pages 219 and 221). There are, however, usually two 
aspects of these properties to be considered, namely, (i) when proportioning a 
structure to give a specified capacity, the weight per cubic foot of the material 
should not be overrated nor too small a value given to the angle of repose ; 
(ii) when calculating the weight to be carried on the bottom and the pressures 
to which the sides will be subjected, the weight should not be underestimated 
nor the angle of repose assumed too high. Usually two sets of properties are 
therefore considered in designing a container ; examples of these are as follows. 


Material. 

Capacity calculations. 

Unit weight Angle of repose 

(lb. per cubic foot) (deg.) 

strength calculations. 

Unit weight Angle of repose 

(lb. per cubic foot) (deg.) 

Unwashed coal (dry) 

• 45 

45 

58 

40 

Washed coal (dry) 

■ 45 

45 

56 

40 

Coke and breeze . 

. 30 

45 

35 

40 

Shale (colliery dirt) 

60 

45 

70 

35 

Coal slurry . 

. 50 

40 

62*4 

20 to 0 

Wet coal (15 per cent, of moisture). 45 

45 

56 

25 

Fine coal 

• 45 

40 

56 

20 


Walls. —The walls of bunkers and silos have to be designed to take bending 
moments and direct tensions induced by the contained material. If the wall 
slabs span horizontally they have to be designed for the combined effect of the 
moments and direct forces in accordance with the methods described in 
Chapter XIV. If the walls span vertically horizontal steel should be provided 
to take the direct tensions and vertical steel to take the bending moments. In 
this case also the horizontal bending moments due to continuity at corners should 
be considered, and it is usually sufficient if as much horizontal steel is provided 
at any level at the corners as is normally required for vertical bending at this 
level; the maximum amount of steel provided for this purpose, however, need 
not exceed the amount of vertical steel required at one-third the height of the 
wall. The principal bending moments on walls spanning vertically will be due 
to the triangularly distributed pressure from the contained material. Bending 
moment coefficients for such loading are given on Table No. 7B (page 225). 

For walls spanning horizontally the bending moments and forces will depend 
upon the number and arrangement of the compartments. For multi-compartment 
structures the intermediate walls act as ties between the outer walls, and on 
Table No. 21 (page 259) expressions are given for the negative moments in the 
outer walls of rectangular bunkers with various arrangements of intermediate 
walls or ties. The corresponding expressions for the reactions, which are a measure 
of the direct tensions in the walls, are also tabulated. 

Any particular span of an exterior wall is subject to its maximum stresses 
when the adjacent compartment is loaded, since in this condition it is subjected 
to both the maximum moment and maximum direct force due to the filling. 
An intermediate wall is subject to maximum bending moment when the com¬ 
partment on one side of it is filled, and to maximum direct force (but minimum 
moment) when both adjacent compartments are loaded. 
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For small bunkers the wall panels may be of such proportions that it is 
convenient to span them in two directions, in which case the bending moment 
coefficients and formulae given on Table No. 14B are applicable as the pressure 
along the horizontal span will be uniformly distributed, while along the vertical 
span triangular distribution will occur. 

In the case of an elevated bunker the whole load is usually transferred to 
the columns by the walls, and when the span exceeds twice the depth of the 
wall the latter can be designed as a normal beam. If the magnitude of the 
moment warrants, a compression head can conveniently be provided at the top 
of the wall, but there is usually ample space to accommodate the tension steel 
in the base of the wall. When the span between columns is less than twice the 
wall height the true beam action becomes less apparent ; the wall is then more 
in the nature of an arch and requires reinforcement to take the tie force along 
the base of the wall. Sufficient reinforcement should be provided to take a direct 
fcrce equal to one-quarter of the total load carried by the wall. 

In addition to the stresses produced by vertical bending moment (if any) 
the stresses due to loads, other than the filling, carried by walls must be investi¬ 
gated. These loads may be due to the roof or superstructure or to cranes mounted 
above the bunker and to the weight of the wall itself. In the case of big bunkers 
the moments and forces due to wind pressure should be calculated, and in silos 
the direct compression force induced in the leeward walls by wind pressure is 
one of the principal forces to be investigated. The equally important stress 
due to the weight of filling sustained by friction on silo walls (see Chapter III) 
must be added to the stresses produced by wind pressure, and at the base and 
top of the walls there may be additional bending stresses due to continuity with 
the base slabs or covers. 

Where walls differ in thickness between the top and base there are a number 
of factors to consider before deciding whether the wall should be tapered 
uniformly from top to bottom or whether the reduction in thickness should be 
made in a number of definite steps. The shuttering is somewhat more costly 
for tapered than for stepped walls, especially in the case of circular containers. 
Stepped walls, however, may induce high secondary stresses at the change in 
section, and since the daywork joints aie usually arranged at the change in 
section liability to cracking is greater. Stepping on the outside is often objec¬ 
tionable as it provides ledges for the collection of coal, cement, or other dust 
that is usually in the air in an industrial works, and stepping on the inside may 
interfere with the free flow of the filling when emptying the bunker or silo. 

In Fig. 31 typical arrangements of reinforcement in the walls and bottom 
of a bunker are illustrated, both for a structure where the walls span vertically 
and for one where they span horizontally. In the latter case the reinforcement 
win vary from a maximum at the bottom to a merely nominal amount at the 
top of the wall, and the vertical steel need only be sufficient to keep the horizontal 
bars in place ; for general cases f-in. bars at 12-in. to 15-in. centres are satis¬ 
factory. In the case of tall bunkers each lift of vertical steel should not exceed 
about 10 ft., to prevent distortion due to ‘‘ whippiness.'* 

The useful life of a reinforced concrete bunker is considerably in excess of 
that of a steel or timber structure, but this life can be further prolonged by 
careful detailing. By thus reducing the liability to cracking, the concrete does 

H 
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not deteriorate so rapidly under service conditions due to abrasion from falling 
and moving coal or stone or other hard filling. If attention is given to the 
secondary stresses and care is exercised to obtain a good dense concrete, lining 
the wearing faces of the structure with tiles or plates is unnecessary except 
where coke is being stored or where coal or stone is dropped from a height. The 



Fig. 31.—Typical Details of Bunkers. 


top surfaces of ties and intermediate walls exposed to falling material should be 
made in the form of an inverted V and should be protected by a replaceable 
metal shield. 

Hopper Bottoms. —The design of hopper bottoms in the form of inverted 
truncated pyramids consists of finding a “ centre of pressure and the normal 
pressure at this point for each sloping side. With a determined mean span the 
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bending moments at the centre and edge of the sloping side considered can l>e 
calculated. The horizontal direct tension is then computed and the horizontal 
steel determined. The direct tension acting along the slope at the mean centre 
and the moment at this point are combined to find the reinforcement necessary 
in the underside of the slab at this point. Likewise at the top of the slope the 
moment and the component of the hanging-up force are combined in order to 
calculate the steel required in the upper face of the sloping side at this point. 

The “ centre of pressure ** and the mean span can be most economically 
found by inscribing on a normal plan of the sloping side considered a circle touch¬ 
ing three ot the sides. The diameter of this circle is “ the mean span and the 
centre is the “ centre of pressure.*’ The total load normal to the slab at this 
point is the sum of the normal component^^ of the vertical and horizontal pressures 
at the centre of pressure and the dead weight of the slab; the values of 
the pressures, etc., and the resulting moments, together with the direct tensions 
both along the slope and horizontally, are given on Table No. 22 (page 261) for 
the critical parts of the structure. An example of a hopper bottom design is 
given in the “ Additional Examples ” that follow Table No. 40 (page 310). 

In adopting this method of design it should be remembered that, although 
the horizontal span of any side is considerably reduced towards the outlet, the 
steel should not be reduced below that determined for the “ centre of pressure,” 
since in determining the moment based on the mea.^ span adequate transverse 
support from the steel towards the base is assumed. In Fig, 31 alternative 
commonly adopted details of reinforcement for a hopper bottom are illustrated. 

The ” hanging-up ” force along the slope will have both vertical and hori¬ 
zontal components, the former being resisted by the walls acting as beams. 
The horizontal component, acting inwards, will produce horizontal bending 
moments in the beam at the top of the slope, but in normal cases this bending 
moment is neglected as the inward horizontal force is usually resisted by a 
corresponding outward passive pressure from the contained material. When 
there is insufficient head of material above the top of the slope to create the 
necessary counter-pressure, it is necessary to calculate and design for the resulting 
horizontal bending moment. 

5.—Impermeability and Protection of Concrete. 

< The design of impermeable structures is considered elsewhere in this volume, 
for example, in the earlier part of this chapter, in Chapter IX, etc. Allied to 
special design is first-class construction. The principles of the latter are dealt 
with in greater detail in the author’s volume ” Concrete Construction,” where 
also the subjects of integral waterproofing and the provision of waterproof 
linings are discussed. Many structures have to be designed to resist corrosion 
by acids and other chemicals which have an injurious effect on concrete. The 
consideration of the effect on the concrete of these chemicals, fumes, etc., is 
necessary when designing storage tanks, chimneys, floors of certain factories, etc. 
The following list includes non-injurious as well as corrosive substances and 
liquids, and in the latter case indications of reconunended treatments are given. 
This list is compiled from information already published in many countries, 
and in some cases the origin is obscure because the recommendations have been 
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copied so often in different publications. For this reason the list is given with 
some reserve. 

Where corrosive liquids are stored the corrosion of the concrete is generally 
most marked near the normal level of the contained.liquid, and certain liquids, 
for example, vegetable oils, which may not normally affect concrete may cause 
corrosion when the concrete surface is alternately submerged and exposed. 

Accumulator Acid. —Sulphuric acid diluted in distilled water to a specific 
gravity of 1*22 approximately. Protection of concrete is necessary, bitumastic 
compositions, acid-resisting asphalt or paint being recommended. See also 
“ Sulphuric Acid.” 

Acetic Acid.^— Causes slow disintegration from which concrete can be 
protected by the application of spar varnish, bituminous enamels, phenol- 
formaldehyde varnish, paraffin wax, hard rubber, or, for concentrations up to 
60 per cent., acid-resisting paints. 

Acids. —All acids attack concrete to some extent, strong acids being par¬ 
ticularly virulent, although weak acids can be stored in untreated concrete tanks 
if the concrete is impermeable. The earlier remarks concerning impermeable 
construction should be observed. Greater immunity from attack by weak acids 
can be obtained by using aluminous cements or by impregnation with fluosilicate 
solution. The latter, and similar treatments, become ineffective if the skin is 
broken. The calcium salts contained in set cement are soluble in nearly all 
mineral or organic acids, and some types of acid-resisting preparations are 
admixtures that form insoluble substances upon combination with the acicj- 
soluble portions of the cement ; the admixture, without this chemical conji- 
bination, of merely acid-proof insoluble materials is not sufficient to withstand 
the attacks of strong acids. For the most corrosive acids, linings of asphalt, 
bricks, tiles, paints, enamel, rubber, or proprietary acid-resistant coatings are 
usually recommended as given for specific acids in the present list. It should 
be noticed that while most common acids, for example, nitric and sulphuric 
acid, are more destructive in high concentrations, hydrochloric acid is most 
injurious in lower concentrations. Proprietary acid-resisting cements are obtain¬ 
able, some of which are said to be resistant to all acids (except hydrochloric) 
in all strengths and up to high temperatures. For weak and medium strength 
acid solutions, treatment with paraffin wax or sodium silicate is adopted. 

Acid Vapours.—O ccur in dye-works, pickling plants, bleaching works, etc. ; 
applications such as proprietary lacquers provide protection. 

Alcohol. —Little or no effect on concrete, but some authorities recommend 
protection by acid-resisting paints. 

Alkalis. —See Ammonia, Caustic Soda, Calcium, etc. 

Almond Oil. —Remarks as for coco-nut oil. Varnish is also recommended 
as a protective coating. 

Aluminium. —Aluminium (and to a less extent zinc and lead) can be seriously 
corroded when in contact with freshly placed Portland cement mortar or concrete. 
The corrosion is said to be due to the alkaline moisture that exudes from the 
concrete as a result of the setting process or changes in humidity. This moisture 
only attains an appreciable calcium hydroxide content after prolonged leaching 
out, but when the calcium hydroxide exceeds 50 per cent, of saturation value, 
crystalline calcium aluminate is p’-ecipitated, forming a protective coating which 
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retards further corrosion. Corrosion can be prevented by inserting an imper¬ 
meable layer of bituminous material between the concrete and the aluminium 
lining. Glycerine-litharge mortars have been recommended in place of Portland 
cement and similar mortars when setting aluminium linings, and a fairly strong 
material can be made by mixing 9 part*? of crushed limestone (run of crusher 
with fines) and one part of litharge with a solution of approximately 35 per cent, 
of crude commercial glycerine and 65 per cent, of water. 

Aluminium Sulphate. —See “ Sulphates.'' 

Ammonia. —Hard rubber or special paints recommended as protection. 

Ammonium Chloride.— Remarks as for magnesium chloride. 

Ammonium Liquor. —Little effect on concrete; treatment sometimes 
recommended. 

Ammonium Nitrate. —Disintegrates concrete, especially if the solution is in 
excess of J to i per cent., necessitating a protective coating as for sulphates. 

Ammonium Sulphate.— This is probably the most aggressive of the sulphate 
salts, and concrete floors of sulphate stores, etc. aie protected by blue bricks 
laid on edge and set in pitch. In one reported case where sulphuretted hydrogen 
and ammonia, dissolved in moisture condensed on the surface of the concrete, 
had oxidised to ammonium sulphate causing disintegration of the concrete, a 
successful protection was obtained by treating the new concrete with a 30 per 
cent, solution of high-silica sodium silicate. (See a*so " Sulphates.") 

Ammonium Sulphide.—A ttacks concrete, necessitating protection as for 
sulphates. 

Anhydrites, —Aluminous cement resists attacks. 

Anthrocene. —No effect on concrete, but in some cases tanks are rendered 
with cement mortar to reduce seepage. 

Beer. —Concrete fermentation tanks should be lined with enamel, glass, 
or " stainless " metal linings. Deleterious effects are most virulent when using 
Portland cement, aluminous cements being immune. 

Benzine. —Remarks as for petrol. 

Benzol. —No injurious effect on concrete, but slight seepage occurs. Recom¬ 
mended protection as for light fuel oils, A skimming coat of waterproof cement 
well worked in, followed by two coats of cement grout has proved successful. 

Boiler Fumes. —See " Smoke." 

Brine. —Untreated concrete tanks are suitable for weak solutions, but 
strong solutions require protection by special brick linings, the jointing in which 
should be resistant to prevent seepage of brine behind the brickwork to attack 
concrete. Aluminous cements offer greater immunity than Portland cements. 

Calcium Chloride.—N o effect on concrete. 

Calcium Nitrate. —No effect on concrete. 

Calcium Sulphate (Gypsum). —See ‘‘Sulphates." Often found in clays, the 
ground water from which may contain solutions of sufficient strength to attack 
Portland cement concretes, although aluminous cement concretes may be immune. 
See also observations on Ground Waters in " Concrete Construction." 

Carbolic Acid. —Attacks poor concretes, although cases have been recorded 
where untreated 6-in. concrete, i: jj: 3 mix with a steel-float finish has been 
successfoL 

Carbolineum. —Remarks as for creosote. 
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Carbonates. —At normal cencentrations these have practically no effect on 
concrete. 

Carbonic Acid. —^When dry has no effect on concrete, but causes slow 
disintegration when in solution. Recommended treatments include asphalt, 
bituminous paints, coal-tar paints, fluosilicate, spar varnish, or phenol-formal¬ 
dehyde resin ; see also “ Ground Waters " in “ Concrete Construction." 

CarbonZOL. —No effect on concrete. 

Caustic Soda. —Caustic alkalis have little effect on Portland cement con¬ 
cretes, although they seriously attack aluminous cement concretes. Some 
protection of all concretes is recommended, but cases are reported where 4 per 
cent, solutions have been stored successfully without treatment. Alkali-resisting 
paints will provide protection for solutions of any concentration. 

Chlorides. —Some chlorides have little or no effect on concrete except in 
high concentrations, while others cause slow disintegration and require protection 
as for sulphates. (See also separate chlorides.) 

Chloride of Lime. —See " Calcium Chloride." 

Chlorine Solution. —Little effect on concrete, but treatment as for acids 
generally is preferable. 

Cider. —Paraffin wax treatment reported successful. 

Citric Acid. —See " Acids." Acid-resisting paints provide protection 
against all concentrations. 

Cobalt Sulphate. —See " Sulphates." 

Coco-nut Oil. —Slowly disintegrates concrete, which can be protected by 
fluosilicate, sodium silicate, or linseed oil. 

Copper Chloride. —Attacks concrete slightly; treatment as for sulphates. 

Copper Nitrate. —Protection afforded by acid-resisting points. 

Copper Sulphate. —See " Sulphates." 

Corn Syrup. —Remarks as for glucose. 

Cotton-seed Oil. —Authorities differ regarding the extent to which concrete 
is disintegrated by this oil; some suggest that no protective treatment is required 
as the attack is only slight. Others report virulent attack, particularly on Port¬ 
land cement concrete but less so with aluminous cements. 

Creosote. —Has a tenc^ency to disintegrate concrete slowly, requiring 
protective coatings as recommended for petrol. 

Cresol. —Remarks as for creosote. 

CuMOL. —Remarks as for benzol. 

Epsom Salts. —See " Magnesium sulphate." 

Ferric Chloride. —Remarks as for magnesium chloride. 

Ferric Nitrate. —See " Copper Nitrate." 

Ferric Sulphate.—S ee " Sulphates." 

Fish Oil. —Only slowly attacks concrete, and treatment with fluosilicate, 
sodium silicate, or linseed oil is recommended. 

Fluorides. —No effect on concrete. 

Foot Oil.—R emarks as for fish oil. 

Formaldehyde. —Protection provided by paints. 

Formic Acid. —See " Acids." Acid-resisting paints provide protection 
against solutions up to 60 per cent. 

Fuel Oils .—^ " Oils." 
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‘ Gallic Acid.—S ee “ Ink." 

Gasoline. —See " Petrol." 

Glauber Salt. —See " Sodium Sulphate." 

Glucose. —Slowly attacks concrete requiring protection as for sulphates. 

Glycerine. —No protection required. 

Gypsum. —See " Calcium Sulphate." 

Hydrochloric Acid. —Particularly destructivcr especially when hot. Diluted 
hydrochloric acid can penetrate thick coatings of paraffin wax. Protective 
treatment as for sulphuric acid, including rubber linings. 

Hydrofluoric Acid. —Concrete requires protection. Lead linings are 
recommended, and rubber is reported as effective up to 150 deg. F. and for 50 per 
cent, solutions. 

Ink. —Contains acid (usually gallic acid). Storage vats require protection 
by one of the coatings given for acids or by proprietary ink-resisting linings. 

Iron. —See ferric sulphate, ferric chloride, etc. Iron or steel built into or 
attached to exposed concrete surfaces may lead to discolorations due to rust. 

Jam. —Concrete requires protection from boiling jam, aluminium linings (see 
" Aluminium ") usually being provided. Where floors are exposed to spillings 
from jam boiling, the concrete needs protection ; see " Sugar Juices." 

Kerosene. —See " Paraffin." 

Lactic Acid. —Derived from milk and occurs i whey and sour milk. Port¬ 
land cement concretes are attacked and can be treated as for carbonic acid in 
water, or coatings of linseed oil, paraffin wax, or paints. Aluminous cement 
concretes are attacked to a much smaller degree. Sodium silicate will provide 
temp>orary protection against deterioration of concrete floors subject to milk 
spillings, but tiles laid in asphalt are recommended for permanent protection. 

Lard. —Remarks as for fish oil; this also applies to lard oil. 

Lead. —For the effect on lead in contact with concrete see " Aluminium." 
Lead pipes passing through concrete can be protected by a coating of pitch 
or tar or by embedding the pipes in clay. 

Lead Nitrate, —^See " Copper Nitrate." 

Lead Sulphate. —See " Sulphates." 

Lime. —See various calcium compounds. Gasworks lime attacks Portland 
cement, Aluminous cement concretes being more resistant. Portland cement 
treated with proprietary paints is also effective. Piles driven through gasworks 
lime should be protect^ by a coating of tar. 

Linseed Oil.—^N o effect on concrete; is u^d as a protection. 

Lubricating Oil.—^S ee " Oils." 

Magnesium Chloride. —Slowly attacks concrete ; protection as for sulphates. 
No protection required if in weak solutions as in ground waters. 

Magnesium Sulphate (Epsom salts).—See " Sulphates " and " Calcium 
Sulphate." 

Manganese Sulphate. —See " Sulphates." 

Mercuric Chloride.—R emarks as for magnesium chloride. 

Milk. — See " Lactic Acid." 

Molasses. —^Slight attack on concrete requiring treatment as for sulphates. 

Napthalene. —Remarks as for petrol. 

Nickel Sulphate. —See " Sulphates." 
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Nitrates. —Some nitrates have a deleterious effect, while concrete may be 
immune from attack by others ; see separate references. At the low concentra¬ 
tions met in practice these salts may have no effect. 

Nitric Acid. —Remarks as for sulphuric acid, but rubber lining is not 
recommended by some authorities except for low concentrations. 

Nitro-hydrochloric Acid. —Particularly destructive, especially when hot. 
See Hydrochloric Acid." 

Oils. —Oils may be either mineral, vegetable, or animal products ; vegetable 
oils only attack concrete to any degree. Oils in the present list should be referred 
to under separate headings. Light fuel oils, such as petrol, paraffin, benzol, 
etc., can be stored in concrete without injurious effect, but applications of spar 
varnish, linseed oil or sodium silicate are recommended to provide protection 
against seepage of oils of specific gravity less than 0*875 (54J lb. per cubic foot) 
equivalent to not under 30 deg. Baume. No protective treatment is required 
for heavier oils, as seepage may be negligible. Resinous coatings such as an 
alcoholic solution of a phenol condensation product, or an oil-resisting paint, 
are recommended as a protection against fatty oils. Concrete can be protected 
from the penetrating effects of lubricating oils or transformer oils by using oil- 
resisting lacquer. 

Olive Oil. —Causes slow disintegration. Recommended treatments as for 
coco-nut oil, or with spar varnish or bakelite varnish. 

Organic Materials. —Sec various oils, alcohol, formaldehyde, etc. 

Oxalic Acid. —No deleterious effect on concrete, since it combines with 
free lime to form insoluble and non-corrosive calcium oxalate. 

Paraffin. —Remarks as for petrol. 

Peanut Oil.—R emarks as for almond oil. 

Petrol. —Although having no deleterious effect on concrete, the loss due to 
seepage may be considerable as petrol may find its way through pores that are 
impermeable to water. Application of fluosilicate, spar varnish, sodium silicate, 
or phenol-formaldehyde varnish is recommended. 

Phenol.—R emarks as for creosote. 

Phosphates. —These salts only attack concrete when in high concentrations. 

Phosphoric Acid.— Slowly disintegrates concrete due to the formation of 
soluble acid phosphates. Requires protection as for acids generally, acid-resisting 
paint providing protection from all concentrations. If rubber is used, it should 
be specially compounded. 

Pitch.—-No effect on concrete. Used as a protective coating in some cases. 
Tar tanks are sometimes rendered to prevent percolation through construction 
joints. 

Poppyseed Oil. —Remarks as for almond oil. 

Potassium Chloride.— No effect on concrete. 

Potassium Nitrate.- -No effect on concrete. 

Potassium Sulphate. —See " Sulphates." 

Pulp (Wood). —No effect on concrete. 

Pyrites. —Slowly attacks concrete, requiring protection as for sulphates. 

Rape-seed Oil.—R emarks as for olive oil. 

Resin. —No deleterious effect on concrete; used as a protective coating. 

Rubber. —Used as a protection for concrete containers holding corrosive 
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liquids. Most inorganic acids (except nitric acid) of any concentration and at 
temperatures up to 150 deg. F. can be stored in soft rubber or hard rubber 
(vulcanite) linings, although 50 per cent, concentration is the limit for hydro¬ 
fluoric and sulphuric acids and 85 per cent, for phosphoric acid. If soft rubber 
(and in some cases, hard rubber) is used for certain acids, it is necessary to use 
a special grade of rubber. Similarly most solutions of inorganic salts and 
alkalis up to saturation point and 150 deg. F. temperature, and most organic 
materials up to the same limits, can be stored in rubber-lined tanks. Hard 
rubber is generally more resistant to chemical attack than soft rubber. Rubber 
is not generally recommended for protection against powerful oxidizing agents 
such as nitric and chromic acids, ozone, etc. 

Salt (Common).— See Brine and “ Sodium Chloride.” 

Salts. —Soluble inorganic salts attack concrete; the descending order of 
virulence has been given as follows: sulphates, sulphides, nitrates, chlorides, 
and carbonates. See under each of these headings and separate substances for 
particulars of treatment. 

Sewage. —Usually the acid content is low, otherwise sewage may have 
deleterious effect on concrete. Aluminous cements are more resistant than 
Portland cements. Protection and impermeability have been obtained by apply¬ 
ing |-in. rendering to walls and f-in. rendering to inverts, using a Portland 
cement mortar with a waterproof admixture, anc applying the mortar to a 
concrete surface that had been well hacked immediately after the removal of the 
shuttering. Surface treatments with bitumen or fat are not permanent. Where 
disintegrating action has been very pronounced, concrete pipes have been lined 
with vitrified clay tiles and the joints pointed with bitumen emulsion. The 
attack arising from sewage, which results in the presence of hydrogen sulphide, 
is usually limited to the concrete at and above normal liquid level. 

Silicates. —These have no deleterious effect on concrete (see also ” Sodium 
Silicate ”). 

Smoke. —^Where concrete is exposed to smoke, the sulphur in which leads 
to the formation of sulphuric acid, protection is required. See *' Sulphuric Acid.” 

Sodium Chloride. —No deleterious effect on concrete. 

Sodium Nitrate. —No effect on concrete. 

Sodium Silicate.— No deleterious effect on concrete, and is widely used as 
a protective coating and pore filler. 

Sodium Sulphate (Glauber salt).—See ” Sulphates ” and ” Calcium Sul¬ 
phate.” Steam curing has been specially recommended for protection of concrete 
against sodium sulphate. 

Soya Bean Oil. —Remarks as for almond oil. 

Strontium Chloride. —^No effect on concrete. 

Sugar Juices. —^These have a deleterious effect on Portland cement concrete 
but no effect on aluminous cement concretes. 

Sulphates. —^Most sulphates vigorously attack concrete, the intensity of 
the attack increasing with the concentration of the solution up to i per cent., 
with little increased virulence beyond this limit. Recommended protective 
coatings include fluosilicate, sodium silicate, linseed oil, bitumens, glass linings, 
vitrified brick or tile laid in litharge, rubber and proprietary resisting paints. 
See also ” Ammonium Sulphate,” ” Sodium Sulphate,” etc. 



io8 REINFORCED CONCRETE DESIGNERS’ HANDBOOK 

Sulphides. —Most sulphides affect concrete, necessitating the protection 
used against sulphates. Sulphide ores only slowly attack concrete. Soluble 
sulphides, with the exception of ammonium sulphide, have no effect. 

Sulphite Liquor. —Slowly attacks concrete; protection as for sulphates 
recommended. 

Sulphuric Acid. —^The disintegrating effect on concrete is guarded against 
by lining the container with glass, lead, or vitrified brick or tile. The effect of 
lead lining in contact with concretes should be considered. See " Lead ” and 
“ Aluminium.” Rubber is also effective up to 150 deg. F. and for 50 per cent, 
solutions, while paints are effective for any concentration. 

Sulphurous Acid. —Remarks as for sulphuric acid, but rubber is effective 
for all concentrations. 

Sweet Boiling. —See " Jam.” 

Tannic Acid. —^Derived from tea and causes slow disintegration of 
Portland cement, but has little effect on aluminous cement. Treatment for 
Portland cement concrete as for carbonic acid in water. 

Tanning Liquor. —If of the non-acid type, the concrete does not require 
protection, but if of the acid t)q)e it should be protected by acid-resisting 
bituminous paint. 

Tea. —^ " Tannic Acid.” 

Toluol. —Remarks as for benzol. 

Vinegar.— A weak solution of acetic acid which slowly disintegrates concrete. 
Protection by paraffin wax has been recommended. 

Walnut Oil. —Remarks as for almond oil. 

Water. —(See also " Brine ” and “ Concrete Construction ” for impermeable 
construction.) Ordinary cold fresh water has no effect on concrete, but if hot 
water has to be stored it is necessary to ensure that temperature effects have 
been taken into account in the design. 

Waterglass.— See “ Sodium Silicate.” 

Whey. —See ” Lactic Acid.” 

Wine. —^The treatment of the interior of vats with a solution of fluosilicate 
or with tartaric acid has been successful and had no ill-effect on the contents. 
Vats treated with potassium silicate solution are reported to contaminate the 
wine. 

Xylol. —^Remarks as for benzol. 

Zinc. —For remarks on the effect of zinc in contact with concrete, see 
" Aluminium.” 

Zinc Sulphate.— See “ Sulphates.” 



CHAPTER VIII 


BRIDGES, BUILDINGS, AND OTHER STRUCTURES 

Any given structure is an assemblage of members each of which is subjected 
either to pure bending or to direct forces or to combined bending and direct 
force. The designer's art embraces not only the computation of and the pro¬ 
vision for the moments and forces in a given assembly of members, but also the' 
arrangement of these members in such a way that the moments and forces 
produced are reduced to minimum values consistent with the requirements of 
the structure and the limitations of the site. In previous chapters, in addition 
to outlining the methods of computing the moments, shears, and forces produced 
by the external loading, some indication has been given of the application of 
these methods to such structures as foundations, re’ lining walls, tanks, bunkers, 
and silos. In this present chapter it is proposed to deal briefly with other types 
of structures that are met with in designing practice. The necessary sections 
required to resist the calculated moments and forces on the various parts of the 
structure should be determined in accordance with the methods set out in later 
chapters. 


1.—Bridges. 

Bridge designs fall into two principal classes, namely, (i) arches and (ii) girder 
bridges. Bowstring girders can be considered as a special type of arch design, 
and rigid frame bridges as special types of girder design. The selection of a 
particular type depends on the span, nature of foundations, and headroom 
required. 

Arch Design. —Within the scope of this volume it is impracticable to give 
to arch design the detailed consideration that the subject merits and necessitates. 
All that will be attempted is to give the data for the design of fixed-end arches 
for those cases when the designer has a free hand in choosing the profile of the 
arch, whether the ratio of span to rise is specified or not. The reader is referred 
to other volumes dealing solely with bridge construction that sj>ecially treat 
the simpler problem of hinged arches and the more difficult problem of designing 
fixed arches to specified profiles that do not approximate to parabolic. 

Arches are of two principal types, namely, “ hinged or “ fixed." A hinged 
arch can be either hinged at both supports, or at both supports and the crown. 
A fixed arch can either be rigidly fixed at the springings, or can be partly fixed 
if it is one of a series of continuous arches. A fixed arch is more economical in 
material than a hinged arch, but the calculations usually presuppose absolute 
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rigidity at the supports and freedom from settlement at these points. Unless 
these conditions can be absolutely assured it is safer to adopt a hinged design; 
further, the design procedure for a hinged arch is much simpler than that for 
a fixed arch, since at the hinges there is no bending moment. 

Approximate Determination of Sections.—Any particular section of a 
fixed arch, whether it be an arch rib or an arched slab, is subjected to a bending 
moment and a thrust; the determination of the magnitude of these at the critical 
sections is the objective of the calculations. Arch design is a matter of trial and 
error since the section and shape of the arch rib or slab enter into the essential 
calculations, but it is possible to select a preliminary section that wiU give results 
that reduce the repetition of arithmetical work to a minimum. The following 
is a suggested method of determining the possible section at crown and springing, 
and is based on treating the fixed arch as a hinged arch. Referring to Fig, 32, 



Fig. 32. - Approximate Method of Determining Thrusts. 


draw a horizontal line through the crown C, and find G, the point of intersection 
with the vertical through the centre of gravity of the dead load on half the arch 
span. Set off GT equal to the dead load on the half span, drawn to a convenient 
scale ; draw a horizontal through T to intersect GS produced in R. Draw RK 
perpendicular to GR, and GK parallel to the tangent to the arch axis at S. With 
the same units of weights used in drawing GT, scale oiiTR ~ and GK = 

If c is the maximum allowable compressive stress in the concrete, d is the arch 
thickness at the crown, is the arch thickness at the springing, and h is the 
assumed breadth of arch rib (12 in, for an arch slab), then the following expressions 
approximately apply: 

cb 

' cb ■ 


d 
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Having fixed approximate sizes thus, or otherwise, a calculation is made 
to determine the thrusts and moment‘s, and the stresses produced by these 
are computed. These stresses will show whether the assumed sections are 
suitable. 

Analysis of Fixed Arches. —Consideration in this paragraph will be 
limited to symmetrical, approximately parabolic, fixed-end arches that can be 
either open or closed spandrel arch rib or arch slab design as shown in Fig, 33, 
and the treatment is based on Mr. H. Carpenter's development of Dr. Strassner's 
methods. In all the cases considered it is assumed that the axis of the arch is 
made to coincide with the line of pressure due to the dead load, which gives the 
most economical design and simplest methods of calculation. If the increase in 
thickness of the arch ring from crown to springing is a parabolic variation, 
only the moments and thrusts at the crown and springing sections need^be 
investigated. 


DECK SLA6 ON BEAM 



Due to the dead loading alone the horizontal thrust is given by 


R 

where — dead load per imit length at the crown 
L — span and R = rise of arch axis 
and = a coefficient depending on the dead load at the springing; 
values are given on Table I (p. 113). 

Due to the elastic deformation produced by the thrust along the arch axis 
the assumption of rigid abutments produces an anti-thrust — which, while 
slightly reducing the thrust due to the dead load, renders this thrust eccentric, 
producing a positive bending moment at the crown and a negative bending 
moment at the springings. li d = thickness of arch at crown 
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where is a coefficient depending on the relative thicknesses at the crown and 
springing, and values of are obtained from Table II (p. 114). 

Due to dead load and arch shortening, the resultant thrusts and 
at the crown and springing respectively and parallel to the arch axis at these 
sections, are given by 

// ,. ^ - Hn cos <f> 

COS <f> 

where is the angle between the horizontal and the tangent to the arch axis at 
the springing. Values of cos (f> for various types of arches are given on Table III 
(p. 114). 

The moments due to the eccentricity of and arc given by 

M, ^ k,RHj, 

M, ^ (^3 - 

For values of see Table IV (p. 114). 

For arches of small rise-span ratios, or with rings which are thick compared 
with the span, the stresses due to arch shortening may be excessive and the 
difficulty is overcome by introducing temporary hinges at the crown and springings. 
These hinges are filled with concrete after the arch shortening deformations 
have takeii place ; this method eliminates all bending stresses due to dead 
loading. 

The additional horizontal thrust due to increase of temperature and the 
anti-thrust due to fall in temperature are given by the expression 



where t = rise or fall in temperature in deg. F. and has the values given on 
Table V (p. 115). If d and R are in feet, ffy will be in lb. per foot width of arch. 
The values of are based on an elastic modulus for concrete Eq = 2,000,000 
and a linear expansion coefficient e = 0 0000066 per deg. F. If other values, 
say Ex and are adopted, then should be multiplied by 0-076 E^Ci, A value 
of t equal to 15 deg. F. is ample for structures in the British Isles, but careful 
consideration should be given to those factors that may necessitate an increase 
or may justify a decrease in the temperature rauige. 

At the crown the increment or decrease in normal thrust due to temperature 
change is equal to and the moment produced is given by — k^RHj ,; due 
account must be taken of the sign of when substituting. The normal thrust 
at the springing due to temperature change is given by Uj, cos and whether 
the thrusts due to dead load, etc., are augmented or decreased thereby depends 
upon the sign of Hj,. At the springing the moment is given by (i — k^)RHj, 
and the sign will be the same as that of 

The shrinkage that takes place when concrete hardens produces anti-thrusts 
equivalent to a drop in temperature, and with the usual sectional method of 
constructing arch rings shrinkage may be allowed for by assuming it equal to 
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a 15’deg. F. drop in temperature and using the formula for Hj, previously 
given. 

The disposition of live loading on an arch to produce the maximum stresses 
on the critical sections follows from a study of influence lines, and the following 
approximate conclusions have been deduced. 

(a) The maximum positive bending moment at the crown occurs when the 
mid-third section of the arch is loaded. 

(b) The maximiun negative moment at the springing occurs when four- 
tenths of the span adjacent to the springing considered is loaded. 

(c) The maximum positive moment at the springing occurs when the whole 
span is loaded except the length of four-tenths of the span adjacent to the 
springing considered. 

The maximum bending moments and thrusts are given by the following 
expressions, in which w is the intensity of uniformly distributed loading 
equivalent to the specified live load: 


Maximum positive B.M. at crown. 

k^wL‘^ 

Corresponding horizontal thrust, 

‘‘•“r 

Maximum negative B.M. at springing. 

kjwL^ 

Corresponding horizontal thrust, 

‘•V 

,, vertical reaction. 

k^wL 

Maximum positive B.M. at springing, 

kiQwL^ 

Corresponding horizontal thrust, 


„ vertical reaction, 

kitwL. 


The value of the coefficients to ki^ are given on Tables VI, VII, and VIII 
(pp. 115-6). In the foregoing expressions, the live load is expressed in terms of an 
equivalent uniformly distributed load. The table in Fig. i (p. 14) gives the 
Ministry of Transport values for the distributed load, but it should be remembered 
that these figures have to be combined with the prescribed knife-edge load. 
If H and V arc the appropriate horizontal thrust and vertical reaction, the 
corresponding normal thrust at the springing is given by 

T cos <f>+ VVi ~ cos* <f>. 


Table I.—Horizontal Thrust due to Dead Lo\r 
Values of k I 


Rise -r span. 

o-io 

015 

0*20 

0*25 

Uniform dead load. 

0125 

0-125 

0125 

0*125 

Open spandrel. 

0135 

0-140 

0-144 

0*148 

I'illed spandrel. 

o*lOo 

1 0*170 

0*190 

I 0*204 
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Table II.—Horizontal Thrust due to Arch Shortening 
Values of kf 


Rise span. 

0*10 

0-15 

0*20 

0-25 

Uniform dead load ~ = 1-25 

IIO 

1-07 

I 03 

0*99 

1-50 

1-42 

1*37 

1*32 

1-25 

175 

1*68 

1*63 

1.58 

1*53 

d . 

Open .spandrel — — 1*25 

113 

i*o8 

1-03 

I-OO 

I 50 

I'44 

1-39 

1*33 

1-27 

175 

I 73 

1*68 

I 63 

1-58 

Closed spandrel ^ -- 1*25 

119 

113 

I *08 

1*00 

T-50 

1-53 

1-48 

1-42 

1*33 

175 

1*86 

1-82 

176 

1*69 


Table III.—Inclination of Arch Axis at Springing 
Values of cos ^ 


Rise ~ span. 

O'lO 

0*15 i 

0*20 

0-25 

Uniform dead load. 

0930 

0848 

0781 

0709 

Open spandrel.1 

o*9i8 

0820 

0740 

0-650 

Closed .spandrel. 

0893 

0764 

0665 

0-565 


Table IV.—Moments due to Arch Shortening and Temperature Change 
AND Eccentricity of Thrust 

Values of 


Rise -r span. 

0*10 

0*15 

0-20 

0-25 

Uniform dead load i'2s 

d ^ 

0-284 

0-293 

0-300 

0-307 

1-50 

0-248 

0-253 

0-258 

0-263 

1*75 

0-223 

0-227 j 

0-231 

0-235 

Open spandrel ^‘^5 

0-279 

0-280 

0-281 

0-282 

1*50 i 

0-240 

0-243 

0-247 

0-251 

1*75 1 

0-218 

0-220 

0-222 

0-224 

d . 

Closed spandrel '“J “ *‘^5 

0255 

0-261 

0-265 

i 0-270 

I 50 

0-224 

0-226 

0-228 

0-230 

1*75 

0-200 

0-200 

0-200 

0-200 
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Table V.—Horizontal Force d;je to Temperature Change 
Values of ~ 10® 


Rise ~ span. 

o-io 

015 

0*20 

025 

d. 

Uniform dead load 1*25 

2-54 

r - 

2*42 

2-32 

2*22 

1-50 

342 

3*27 

314 

301 

1*75 

4*26 

410 

3-94 

3 7^ 

Open spandrel — 1*25 

2 58 

246 

2-33 

219 

1-50 

3 49 

3-34 

3 -i 8 I 

302 

1-75 

4*37 

4*21 

I 4-04 

3'»3 

Closed spandrel ^ - 1-23 

2 /2 

i 2-53 

j 2-38 

217 

1-50 

3-74 

3-55 

1 3*34 

312 

1*75 

I 4-60 

4-48 

1 429 

412 


Table VI.—Horizontal Thrusts due to Live Load 


Values cf k^, kg, and k^ 


Rise span. 

010 

015 

0-20 

025 

Uniform dead load kg 

0059 

0-059 

0-059 

0-059 

^0 

0039 

0039 

0-039 

0039 

^11 

0086 

o-o86 

o-o86 

o-o86 

Open spandrel kg 

0062 

0064 

0-065 

0-066 


0-038 

0-038 

0-037 

0-037 

*u 

0-088 

0-089 

1 0-090 

0092 

Closed spandrel kg 

0070 

0-074 

! 0-077 

o-o8o 

kg 

0037 

0035 

0-033 

0032 

^11 




1 


0-093 j 

0-097 

0098 

0 100 


0095 1 

0-098 

o-ioi 

0103 

li'75 

0097 

0-^00 

0-104 

o-io6 


Table Vll. -Vertical Reactions due to Live Load 
Values of kg and k^^ 


Rise 4 span . 

o-io 

0-15 

0-20 

0-25 

Uniform dead load kg 

0*35^^ 

0-358 

0-358 

o-35t< 


0-149 

0149 

0-149 

0-149 

Open spandrel A, 

0*354 

0-352 

0-350 

0*349 

Ai. 

0-150 

0-151 

0-153 

0-155 

Closed spandrel kg 

0-342 

0-337 

0-330 

0-321 

kig 

0-160 

0-164 

0-170 

0-177 


1 
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Table VIII. —Bending Moments due to Live Load 
Values of 


Rise ^ span 



. 1 O-IO 

0x5 1 

0*20 

0-25 

Uniform dead load 

d. 

d 

1-25 

1 

; 0*0048 

0*0049 

00051 

0*0052 



1-50 

i 75 

00045 
j 0*0042 

0*0046 

0*0043 

00046 

00043 

0*0047 

0*0044 

Open spandrel 

d, 

d 


0*0052 

0*0054 

0*0057 1 

o*oo6o 



1-50 

*75 

0*0048 

00044 

0*0050 

0*0046 

00052 

0*0048 

00054 

00050 

Closed spandrel 

d, 

d~' 

1-25 

1 

00060 

0*0069 

0*0077 

00084 



1*50 

*75 

i 00056 
: 0*0052 

0*0062 
! 0*0058 

00068 1 

0*0063 

0*0075 

00068 


Values of ky 


Rise span. 

0*10 

0*15 

0*20 

0*25 

Uniform dead load ~~ 1*25 

a 1 

0*019 

0*019 

o*oi8 

0*018 

i* 5 ^> 

0*021 

0*021 

0*020 

0*020 

*75 

0*022 

0*022 

0*022 

0*02 2 

Open spandrel 1*25 

o*qi8 

o*oi8 

0*017 

0*017 

r*50 

1 0*020 

0*020 

1 ooig 

0*018 

*75 , 

; 0*022 

0*021 

j 0*020 

0*020 

d 

Closed spandrel ~~~ 1-25 

! 

0017 

0*015 

; 1 

-1 

0014 

0*014 

1*50 

0018 

0*017 

0*016 

.0*015 

*75 

0*020 i 

1 0*018 

0*017 

. J 

0*016 


Values of 


l^isc span. 

0*10 

015 

1 0*20 

j 0-25 

Uniform dead load — 1*25 

0*019 

0*019 

j o*oi8 

i 0*018 

1*50 

0*021 1 

j 0*020 

i 0*020 

j 0*020 

175 

0*022 

! 

0*022 

0*022 

1 0*022 

Open spandrel ^ = 1*25 

1 

0*020 j 

1 

! 0*021 

0*021 

0*021 

1*50 

0*022 i 

0*023 

0*023 

0*023 

175 

0*024 

0*025 1 

0*025 

0025 

Closed spandrel ~ 1 *25 

0*024 

0025 

1-1 

i 0025 i 

I 0*026 

1*50 

0*02(^ 

i)027 

0-02S 

002S 

^‘75 

j 0*029 

0030 

1 0031 

0031 
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An example of the application of the foregoing analytical method of determin¬ 
ing the mpments and forces in an arc^ ring indicates the procedure. 

Data.—^A fixed-end arched slab ; open spandrels. 

Span: 150 ft. (measured horizontally between the intersection of the arch axis 
with the springing section) 

Rise: 22 ft. 6 in. (being the rise of the arch axis within the 150-ft. span). 

Slab thickness: 3 ft. 4J in. at springing, 2 ft. 3 in. at crown. 

Dead load: 250 lb. per square foot, excluding the weight of the arch slab. 

Live load: 300 lb. per square foot. (This is approximately equal to the Ministry 
of Transport loading ; since the live load should extend over one- 
third or four-tenths of the span to give maximum bending moments, 
the corresponding loaded length will be between 50 and 60 ft. ; 
from Fig. i (p. 14) the equivalent distributed load is 220 lb. per 
square foot. The difference between this figure and 300 lb. per 
squcire foot will allow a margin for the single knife-edge load of 
2,700 lb. per foot width of slab.) 

Temperature range: ± ^5 deg. F. ; E^~ 2,000,000 ; e — 0 0000066. 

Shrinkage: equivalent to temperature drop of 15 deg. F. 

22*3 

Factors.—R ise : span ratio = —^ = 0-15. 

150 

Thickness at springing _ d^ __ 3*375 __ 

Thidcnessat crown d 2*25 

Dead load at crown : as above = 250 lb. per square foot. 

27-in. slab ^ 338 lb. „ „ 


Total: — 588 lb. ,, ,, 

Angle of inclination of arch axis at springing (from Table III, p. X14) 
cos <f> — 0*820. 

A strip of slab 12 in. wide will be considered. 

Horizontal thrusts due to dead load, etc.: 

iso^ 

Dead load {Table I, p. 113) H = 0*140 x 588 x 

22*5 


,200 


82,200 lb. 
1,145 lb. 


/2*25\ ^ 

Arch shortening {Table II, p. 114) === ~ i-39(^l 82, 

Temperature change {Table V, p. 115) Hrj. ” 3*34 X ^ 


Shrinkage (as for temperature) 

Crown: 

Maximum positive B.M. 

Dead load and arch shortening 
Hg = 82,200 — 1,145 = 

{Table IV, p. 114) 

= 0*243 X 22*5 X 1,145 X 12 


± 1,130 lb. 
~ — 1,130 lb. 


Moment 

in.-lb. 


75,100 


Thrust 

lb. 

80,855 
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Temperature drop : thrust Hj, as before 


— I.130 

{Table IV) 



B.M. = 0-243 X 22*5 X 1,130 X 12 

= 74.300 


Shrinkage (as for temperature) 

Live load {Tables VI and VIII, pp. 115 and 116) 

74.300 

- 1,130 

150^ 

Thrust : 0-064 x 300 x - 


18,600 

22-5 



B.M.: 0-0050 X 300 x 150^ X 12 

= 405,000 


Total moment and thrust: 

628,700 

97.395 

Springing : Maximum negative moment: 

Moment 

Thnist 

in.-lb. 

lb. 

Dead load and arch shortening : 



.. 82,200 ^ 0 

H =. - --1,145 X 0-820 = 

0*820 


99,260 

{Table\\,Y). 114) 0*757 x 22-5 X 1,145 X 12 

Temperature drop : 

= — 234,200 


Thrust — — 1,130 X 0*820 


- 925 

B.M. [Table IV) - 



— 0-757 X 22-5 X 1,130 X 12 

= — 231,000 


Shrinkage (as for temperature) 

Live load (Tables VI, VII and VIII, pp. 115 and 116) 

— 231,000 

- 925 

H 0-038 X 300 X --- 11,400 lb. 



22-5 



V “ 0*352 X 300 X 150 15,800 lb. 



Normal thrust -- 



(11,400 X 0*820) -j- (i5,8ooVi — 0*820^) — 


14.500 

Moment 0*020 x 300 x 150'“ x 12 

“ 1,580,000 


Total moment and thrust : 

— 2,276,200 

111,910 

Springing : Maximum positive moment : 

Moment 

Thrust 


in.-lb. 

lb. 

Dead load and arch shortening as before 

— 234,200 

99,260 


Temperature rise and shrinkage neutralise. 

Live load {Tables VI, VII, VUI, pp. 115 and 116). 

H --- o*o8q X 300 X ~ ~ 26,700 lb. 

22-5 

]/ 0*151 X 3OO X I5O 6,800 lb. 

Normal thrust : 

(26,700 X 0*820) + 6 ,SooV I — o*82o2 ~ 24,200 

Moment 0-023 X 3 ^^ X 150^ x 12 == 1,830,000 

i.595>8oo 123,460 


J'otal moments and thrusts: 
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With the corresponding thrusts and moments thus determined the area of 
reinforcement and the stresses at crown and springing are found in accordance 
with the appropriate methods described in Chapter XIV, There only then 
remains to determine the intermediate sections and the profile of the arch axis. 
If the dead loading is uniform throughout (or practically so) the axis will be a 
parabola, but if it is non-uniform the axis must be shaped to coincide with the 
line of pressure for dead load. The latter can be plotted by force and link 
polygons (after the manner of ordinary graphic statics), the necessary data being 
the magnitude of the dead loading and the value of the horizontal thrust due 
to dead load and vertical reaction (which equals tlie dead load on half the span) 
at the springing. The line of pressure, and therefore the arch axis, being estab¬ 
lished, and given the requisite thickness: . of the arch at the crown and springing, 
the lines of the extrados and intrados can be plotted to give a parabolic variation 
between the two extremes. Thus, the thickness (normal to the arch axis) at any 
point is given by [{d^ — d)r + d] where t has the following values : 

Ratio of distance of point from springing measured along arch axis to half ! 1 r 1 a 

length of arch axis.| * i ■ j * 


Value of r 0-563 | 0-250 I 0-063 

Girder Bridges. —Certain aspects of the design of girder bridges have already 
been dealt with, viz. loading for road bridges, wind loading, pavement loads, dis¬ 
persal of wheel loads and width of slab considered as carrying a point load (all in 
Chapter II), influence lines for point loads passing over a system of continuous 
spans, etc. (Chapter IV). Bridges of less than 15 ft. width are most economical 
if the deck slab is spanned transversely between two outer longitudinal girders. 
These girders may be the parapets of the bridge, but for major structures the 
use of the parapets as principal structural members is not considered good 
practice. If the width of the bridge exceeds 15 ft. the most efficient design is pro¬ 
duced by providing several longitudinal girders, usually spaced at about 7-ft. 
centres for bridges designed for the maximum loadings. The roadway is generally 
a multiple of 10 ft, in width. Unless the more simple Ministry of Transport 
loading {Fig. 1) is adopted, the deck slab is designed for one or more greatest 
wheel loads placed in positions to give maximum moments, and the longitudmal 
girders are designed for the maximum bending moments produced by a train of 
wheels directly over the beam with a parallel train as near as possible. 

Footpaths are sometimes cantilevered off the principal part of the structure, 
and water, gas, and electric services are generally installed in a duct provided 
under the footpaths. The clearances required for the loading gauges of British 
railways are given on Table No. 39 (p. 297). See Table No. 41 (p. 300) also. 

fxirder bridges do not usually exceed 50 or 60 ft. in span, as beyond this 
limit an arch design is generally more economical. Even when a bridge has 
an arch-shape soffit, if the span-rise ratio exceeds ten, or if it is impracticable 
to provide adequate abutments to take the thrusts from an arch design, it is 
usual to design the bridge as a girder; in assessing the bending moments in 
such a case it is essential to take into account the variation in moment of inertia 
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(Chapter IV), since the inertia is usually considerably higher at the supports 
than at the crown. The moment of resistance at midspan should be about 
25 per cent, in excess of the theoretical bending moment at this point to allow 
for increases due to slight settlement of supports and for other variations from 
the design assumptions. 

Bridge Piers and Abutments. —The piers for girder bridges are usually 
subjected to vertical loading only due to the reactions from the girders; the 
abutments of girder bridges have to be designed for the vertical reaction from 
the ends of the girders and the horizontal thrusts due to earth back-filling. It 
is usual to provide the girders with a sliding seating on the abutments unless 
continuity with the abutments has been assumed as in rigid-frame bridges. 

The piers and abutments of arch bridges have to be designed to take both 
vertical reactions and the horizontal thrusts from the arches. Stability is 
obtained by constructing massive piers in plain concrete or masonry, or by 
providing tension and compression piles, or by a cellular reinforced concrete box 
construction filled with earth. Part of the horizontal thrust on the abutments 
can be resisted by the active (or passive) earth pressure behind the abutment, 
but in the case of fixed arches passive pressure should only be assumed when 
the structure reacts upon very compact ground and care should be exercised 
before considering the counter-thrust from active earth pressure to ensure that this 
pressure will always be effective. Adequate resistance to sliding should be assured, 
and the possibilities of uplift from water-pressure should be investigated. 

Mid-river piers, if not protected by independent fenders, should be designed 
to withstand blows from passing vessels or floating debris, and should be provided 
with cutwaters. 


2.—Buildings. 

Floors. —The floors of buildings are either beam-a.nd-slab construction or 
** mushroom " (flat slab) construction (Chapter IV). If the spans of the slabs 
between the beams exceed 10 ft. it is more economical to provide a hollow-tile 
floor, which is light in weight and uses less concrete. Such a floor consists of a 
thin top slab (i^ in. to 3^ in. thick) overlying a series of concrete ribs extending 
through the full thickness of the floor construction. These ribs may be providecf 
at 6-in. to 24-in. centres and may be from 2 in, to 5 in. wide. The spaces between 
the ribs can be kept open, but in order to simplify the shuttering th^y are usually 
filled with hollow clay tiles (comparable with permanent shuttering). The com¬ 
bined depth of the rib and slab is determined in the same way as the depth of 
a solid slab, and the thickness of the top slab is made sufficient to provide adequate 
compression area. The tensile steel is located in the bottom of the rib, as indicated 
in the design example on p. 315. The width of the rib is primarily determined 
by the shear force. The space or tile between the ribs replaces the useless concrete 
below the neutral axis and saves dead weight. Typical weights of solid and 
hollow tile floors are given on Table No, i (p. 211). There are several proprietary 
types of hollow-tile floor construction, but the simplest construction is not covered 
by patents. 

Roofs. —Concrete roofs can also be constructed economically with hollow- 
tile slabs. Although more expensive in shuttering, domed roofs also lead to 
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light-weight construction ; the forces produced and the method of design of such 
a type have already been dealt with when considering tanks (see Chapter 
VTI). Roof slabs should not be less than 4 in. thick whether treated for water¬ 
tightness or not, and should be laid to a fall of i in. in 10 ft. to facilitate 
drainage. 

Holes in Slabs. —Holes formed in roof or floor slabs should be trimmed 
on all sides with reinforcing bars, unless the hole is large compared with the span 
of the slab (for example, stair wells or lift openings) ^ in which case trimmer beams 
should be provided. When the holes are small, as in manholes in tank roofs, 
ventilation ducts, etc., the cross-sectional area of the trimmer bars placed parallel 
to the principal reinforcement should be at least equal to the area of principal 
reinforcement cut out by the hole. Other trimmer bars need only be nominal 
in size. 

Stairs. —Stairs can be designed to span transversely or longitudinally. 
When spanning transversely (parallel to the nosings) supports must be provided 
at both sides of the flight, either by walls or stringer beams. In this case the 
“ waist or thinnest part of the stair construction need only be, say, 3 in. thick, 
the effective lever-arm for resisting the bending moment being about one-half 
the maximum thickness from the nosing to the soffit measured normally to the 
soffit. When spanning longitudinally the thickness of slab required to resist 
bending determines the thickness cf the ‘‘ waist.** The loadings for which 
stairs should be designed have been discussed in Chapter II, and the bending 
moments should be calculated from the total weight of the stairs and the total 
superimposed load combined with the span as measured on plan. The stresses 
produced by the longitudinal thrust are only small and are usually neglected. 
Unless circumstances dictate otherwise a reasonable profile for a step is 
7 in. rise ^vith lo-in. going,'* with i-in. nosing or undercut giving an ii-in. 
tread. 

As an example of the design of a simple flight of stairs by the alternative 
methods, consider the problem illustrated in Fig. 34. 

[a) The flight supported by longitudinal stringers along both edges ; assume 
a minimum waist *' of 3 in., as in Fig. 34(a). 

Clear span = 4 ft. Effective span — 4 ft. 6 in. 

Dead load : Step ii x 7 X J 3 ^i iL)* run of step. 

Waist -= I3i X 3 =- 40I 

Granolithic — | x ii ~ 

^ 4 ^ »* »» »» 

Total dead load = 84J X 4*5 = 380 lb. per step. 

Live load: (See Table No. 2) = X 100 X 4 0=^ 367 lb. per .step. 

Minimum total live load (Table No. 2) — | ton = 840 lb. per ft. width. 

Total load = 380 + (yi X 840) =^1,15^ It), per step. 

B.M. = I X 1,150 X 4*5 X 12 -= 7,763 in.-lb. per step. 

Assuming maximum stresses of 18,000 lb. and 750 lb. per square inch, from 
Table No. 31 (page 279), a slab a little over 3 in. thick is required ; this is less 
than provided by the shape of the step, the mean effective depth of which is 
iibout 4 in. 
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(a) SUPPORTED ON STCINSER BEAMS. 



(b) SPANNING BETWEEN BE&.MS A M'JO B. 
Fig. 34. - Details of Stairs. 


Area of reinforcement 

_ 7.763 


0*123 sq. in. say, one J-in. bar per step. 


0*87 X 4*0 X 18,000 
(b) The flight supported at the top and bottom on trimmer beams (or walls), 
beyond which the flight is continuous with landing slabs as shown in Fig. 34(b). 
Assume 6-in. waist; hence minimum effective depth == 5*25 in. Effective 
span = 12 ft. 

Dead load; Step = ii x 7 X ^ 

Waist " 13I X 6 
Granolithic — ii x ^ 

Live load — 100 x 


38^ lb. per ft. run of step. 
81 


11 


5 i 

92 


= 217 


Total load 

Total load on i ft. width of flight (12 steps net) = 12 x 217 = 2,604 lb. 
B.M. = -yV X 2,604 X 12*0 X 12 = 37,598 in.-lb. 

From Table No. 31, a 6-in. slab (waist) is required. 

Principal longitudinal reinforcement 
37 5Q8 

^ ST? X 5-25 X 18.000 5 -in. centres. 
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Walls. —Curtain, panel, or filling walls in building structures, that is, walls 
not designed to take vertical loading or horizontal pressures, should be made 
not less than 4 in. thick for constructional reasons, and should be reinforced so 
as to span, if necessary, across their shortest dimension. Usually nominal re¬ 
inforcement, say |-in. bars at 12-in. centres placed horizontally and vertically 
on both faces, is sufficient. Heavier bars should be provided above and at the 
sides of all door and window openings, and J-in. bars 5 ft. long should be placed 
diagonally across the comers of all such openings. 

3.—Industrial Structures. 

Utility rather than appearance is the predominant factor in the design of 
structures in connection with colliery works, steel works, by-product and gas 
works, quarries, and other essentially industrial plants, although some attention 
is given to the architecture of factories and such prominent structures as water 
towers, cooling towers, and tall bunkers. In addition to the capability of the 
various members to sustain the principal moments and forces to which they are 
subjected, there are other considerations peculiar to each type of industrial 
stmcture. Vibration must be allowed for in the design of the substructures for 
coal screening and stone crushing and screening plants. Provision against 
impact and extra security are obtained in pit-heat' gear design by adopting a 
factor of safety of ten on the breaking strength of the ropes for all forces due to 
susi^ended loads. Watertightness is an essential quality required in slurry 
basins, coal draining bunkers, settling tanks, and similar hydraulic structures, 
while airtightness is essential in gas purifiers and in airlock structures in con¬ 
nection with colliery work. The suction head on airlocks is usuaUy 5 in. to 8 in. 
of water (that is, 26 lb. to 43 lb. per square inch). The freedom of concrete 
from corrosion by the fumes that are inseparable from certain industrial processes 
is one of the qualities that recommend the material for industrial construction, 
but protection is needed to prevent contact vnth certain liquids (see Chapter VII). 
Provision should be made for expansion in connection with steelworks, coke 
ovens, gas retorts, etc. Boiler foundations, especially on clay, should be made 
sufficiently thick to prevent undue heating and drying out of the subsoil. Firing 
floors, coke benches, and rolling-mill floors should be protected from extreme 
temperatures and abrasion by being covered with steel plates or brick linings. 

Structures in mining districts should be designed to resist the moments 
and forces produced by a not unreasonable settlement of part of the ground upon 
which they are founded. Thus raft foundations that have at any section equal 
resistance to negative and positive moments are commonly adopted. If isolated 
foundations are provided, as for gantries, the beams should be designed for 
freely-supported moments at midspan, although some negative moment should 
be allowed for over the supports. 


4.—Chimneys. 

Determination of Section. —The two principal loadings on a chimney 
are the horizontal wind pressure and the dead weight of the stack. At any section 
the cantilever bending moment due to the fonner is coipbined with the direct 
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force due to the weight of the chimney above the section considered to find the 
maximum stresses. Suitable values for wind pressures on circular and other 
stacks are given in Chapter II, and an example showing the method of determining 
the stresses is described in Chapter XIV. Generally the preliminary determina¬ 
tion of the section required is a matter of trial and eiTor, but Messrs. Taylor, 
Glenday, and Faber have established the following expressions for circular stacks : 

M W 

Total area of vertical steel required = — — (sq. in.) 

ar 0 

M W 

Total thickness of concrete ~ + t- ) 

cr^ dr 

where M and W are the moment (in.-lb.) and direct force (lb.) at any section and 
r is the mean radius at the section (in inches) ; the factors, a, 6, c and d have the 
following values: 


Stress in concrete, lb. per square inch 

6oo 

600 

600 

400 

Stress in steel, lb. per square inch . 

12,000 

14,000 

16,000 

16,000 

a 

6,408 

7.551 

8,685 

8,600 

b 

7.776 

8,990 

10,230 

9,698 

c 

4.582 

3.409 

2.867 

1.376 

d 

1.372 

1,410- 

I.4I9 

911 


The preliminary section should be selected by these expressions, adopting 
stresses low enough to allow ample margin for temperature effects. Having 
decided upon a tentative section, this can then be more accurately analysed, as 
described later, to determine the maximum stresses under the worst conditions. 

Temperature Stresses.—The following consideration of stresses due to 
restrained temperature effects, can be applied to the design of chimneys, tanks 
containing hot liquids, retort foundations, etc. 

The first stage in the investigation of temperature stresses is to determine 
the change of temperature {T) through the concrete. The coefficient of heat 
transmission through a wall built up of different layers of materials, the successive 
thicknesses of which are d^, cf,, d^, etc., is given by 



where k^, etc., are the coefficients of transmission for the successive 

materials, and and represent the drop at the internal and external faces 
respectively. Suitable values of the coefficients, if d is in feet, are 

k — 1*0 for concrete 
= 0*5 for firebrick 
= 01 for slag wool, 
a^= 2-0 (max.). 

In the case of chimneys and tanks containing hot liquids, there may be 
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little difference between the temperature of the gas or liquids and the internal 
face of the concrete or lining in contact with the gas or liquid. Hence Ui should 
generally be considered as zero. If the temperature of the flue gases (or hot 
liquid) is and the external air temperature is T^, the value of the change 
of temperature through a concrete wall feet thick is given by 

where = coefiBicient of transmission through concrete. All the temperatures 
should be in degrees Fahrenheit. 

On an uncracked reinforced concrete section, or on a cracked section that 
is in compression all over, the change in the compressive stress on the concrete 
due to a temperature difference of T deg. F. is 



where = coefficient of linear expansion for concrete (say o ooc X)55 per degree F.) 

== modulus of elasticity of concrete. (Use the value given on Table 
No. 23 for “ special calculations.*') 

On a cracked section subject to tension, the concrete being neglected except as 
covering and connecting the reinforcement, the cha-^ge in stress in the reinforce¬ 
ment is 

tj, - ± __ 

where fd = the distance between the centres of the reinforcement on opposite 
faces of the wall. 

fi, = coefficient of linear expansion for steel (say 0*000006 per degree F.) 
= niodulus of elasticity for steel = 30,000,000 lb. per square inch. 

If the section to which the temperature strains have to be added is already 
stressed in tension on one face and compression on the other (as may occur in 
the case of the wall of a tank containing hot liquid), then to the bending moment 
on the section should be algebraically added a temperature bending moment of 

My = 

where == moment of inertia of the section expressed in concrete units and 
ignoring any concrete area that may be cracked in tension. In impermeable 
construction designed to prevent the concrete cracking, the value of would be 
based on the total concrete section together with an allowance for the reinforce¬ 
ment with a modular ratio corresponding to the value assumed for E^. 

It should be observed that the bending moment due to tempera¬ 
ture change tends to produce compression on the face subject to the higher 
temperature. 

Maximum Stresses. —^The maximum stresses on any horizontal plane of 
a chimney shaft should be investigated for the following conditions: 

(a) When subject to direct load only, that is under the weight of the concrete 
shaft and the lining, the maximum compressive stress should not exceed the 
values given for direct stress on Table No. 23 (page 263). For this purpose, the 
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modular ratio used in calculating the effect of the reinforcement can be taken 
as 15. 

(b) The stresses due to combining the wind moment with the maximum 
direct load should be ascertained either by comparison with the factors tabulated 
above or by graphical analysis as given in Chapter XI. To the maximum com¬ 
pressive stress on the inner face of the wall should be added the stress, Cy, due 
to temperature change, and to the maximum tensile stress in the reinforcement 
on the outer face should be added the stress tj, due to temperature change, thereby 
giving the approximate maximum stresses realised. The maximum compressive 
stress in the concrete should not exceed the values given on Table No. 23 for 
bending. 

d'lie various stresses are inter-related, and the imposition of, say, the tem¬ 
perature stresses on the combined bending and direct stresses may alter the 
basis of calculating tiiese stresses by modifying the position of the neutral axis 
by subjecting more of the concrete section to tensile stresses beyond the ultimate, 
thereby resulting in cracking. 

Transverse Stressed. —The preceding analysis deals solely with stresses 
normal to a horizontal section. Stresses normal to a vertical section are also 
produced both by wind pressure and temperature differences. On chimney 
shafts of normal dimensions the transverse bending moment resulting from wind 
pressure is usually negligible, but is not necessarily so for the case of large 
diameter cooling towers. A wind pressure of p lb. per square foot produces a 

maximum bending moment of ± ft.-lb. on i-ft. height of a cylinder D ft. 

in external diameter. This bending moment causes a compressive stress on the 
outer face of a wall normal to p and tension on the inner face. An equal moment 
of opposite sign acts on surfaces parallel to the line of action of p. 

The difference in temperature between the two faces of a concrete wall results 


in a transverse bending moment equal to 


' d,.. 


(the symbols being as explained 


before). Since the concrete in a chimney shaft is unlikely to be cracked in the 
direction in which this moment operates, the concrete stress due to this moment 


can be written as 0*5 being a compression on the high temperature face 

and a tension on the opposite face. 


5 .—Culverts. 

Bending Moments. —The bending moments produced in rectangular 
culverts of normal design are determined by considering the four sides as a 
continuous beam of four spans with the moments at the end supports equal; 
thus by applying the Theorem of Three Moments three equations containing three 
unknowns are obtained for unsymmetrical loading. The loading can be con¬ 
veniently divided into the following components : 

(a) Uniformly distributed loading on top slab and equal reaction from 
earth below bottom slab. 

{b) Superimposed point loads on t6p slab and equal reaction from 
earth below bottom slab. 

(c) Upward pressure on bottom slab due to the weight of the walls. 
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(d) Triangularly distributed horizontal pressure on walls due to earth. 

[e) Uniformly distributed horizontal pressure on walls due to earth 

and surcharge. 

(/) Internal horizontal pressure from contents of culvert. 

These loads are indicated in Fig. 35 and the bending moments at the 
comers due to the various types of loading can be found from the following 
formulae which are applicable when the thickness oi the top slab, walls, and 
bottom slab are practically equal. 


For all formulae: 


H 

T 

Mr. 


Me == M^. 


For all loadings : ^ 

All moments are expressed in ft.-lb, per foot run of culvert. 

•JQ) f 2 

Loading as in Fig. 35(a), 

Loading as in Fig. 35(A), d ^ width of slab assumed to be support- 

M , - - 


Loading as in Fig. 35 (r), + 




Mr 


ing point load. 

WL' 

2k F 4-5 1 

Tzd 

(A 1 3)(A 4- i)J 

WL\ 

/e 4 * b ”1 

2j\d 

Ak -f 3 )[k + I)J- 


r ^ 1 

12 

L(A + 3 )(^ + i)J 


r 3 + 2A 1 

12 

L(^ + 3 )(^ + i)J 


r {^k-\-7)k 1 

60 

L(a + z){k -f i)J 


r (3* + 8)A -] 

60 

L(A + 3 )(A + 1)J 

X 2 {k + I) 


Loading as in Fig. 35 (^), M ^ = 

Loading as in Fig. 35(/), Moments as for loading in Fig. 35(d), but 

reverse sign. 

Loading as in Fig. 35(g), Moments as for loading in Fig. 35(e), but 


Loading. —The loading on the top slab would include the weight of the 
filling, any uniformly distributed superload, and the weight of the top slab. 
When a trench has been excavated in consolidated ground for the construction 
of the culvert and the depth from the surface of the ground to the roof of the 
culvert exceeds 3L, it is permissible to take the maximum load on the culvert 
roof as due to a head of earth equal to 3L. Although the roof of a culvert passing 
through even a newly-filled embankment is probably not subjected to the weight 
of the full head of earth above the roof, there is little reliable information con¬ 
cerning the actual loading carried, and therefore any load reductions due to 
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(«)2KR ft.^- 


(<^) (d) C«) 



PER f T. ^ 


(f) (9) 

Fig. 35.—Loading on Culverts. 

" earth arching " should be made with discretion. If there is no filling and the 
wheel loads or other point loads can bear directly on the roof of the culvert, the 
total point load should be considered as carried on a certain width of glaV> (== 
as determined by the methods described in Chapter II. The point load effect 
is somewhat modified if there is any filling above the culvert roof, and if the depth 
of filling is D the point load W can be considered as spread over an area of 4D*. 

When D equals or exceeds - the point loading is equivalent to a load of — lb 

2 aD* ■ 
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per square foot uniformly distributed over a length of culvert equal to 2D. For 

values of D intermediate between ~ and zero the moments will be between those 

2 

due to a imiformly distributed load and a central point load. 

The weights of the walls of the culvert can be assumed to be resisted by a 
uniform upward ground pressure as in Fig. 35(c). The weights of the bottom 
slab and the contents of the culvert are resisted directly by equal reactions from 
the ground below the slab and thus do not produce bending moments, although 
these factors must be taken into account when assessing the maximum ground 
pressures. ITie horizontal pressure due to the fluid contents of a culvert would 
produce an internal triangular loading as shown in Fig. 35(f), or even a trapezoidal 
load distribution if the surface of the water outside the culvert is higher than 
the roof. In the latter case, there will be an upward pressure on the underside 
of the roof slab, the moments being as for (c) i ^versed. 

The magnitude and distribution of the horizontal pressure due to the earth 
against the sides of the culvert would be calculated in accordance with the 
formulae given in Chapter III, consideration being given to possible waterlogging 
of the ground which wiU result in increased pressures and potential flotation. 

The maximum bending moments at the various critical sections of the 
culvert can be calculated by considering the possible incidence of loading, and 
generally there are only two conditions to consider: 

(a) Culvert empty; fuU loading and surcharge on top slab (Fig. 35(a) 
and/or (6)), dead weight of walls (Fig. 35(c)) and maximum earth pressure on 

35W and (e)). 

(b) Culvert full; minimum loading on top slab (Fig. 35(a)) and minimum 
(or zero) pressure from earth on walls (Fig. 35(d) and (e)), dead weight of 
walls (Fig. 35(c)) and maximum horizontal pressure from contents of culvert 
(Fig. 35(f) and (g)), and possible upward pressure on roof. 

In special circumstances these conditions may not produce the maximum 
positive or negative moments at any particular section, and the effect of every 
probable combination should be considered. With the moments should be 
combined the direct thrusts and tensions due to various loadings. 

6.—Roads. 

Reinforced concrete roads can be divided into two classes: 

(а) Reinforced concrete slabs underlying macadam, granite sets, asphalt, 
wood blocks, or other surfacing. 

(б) Reinforced concrete slabs that form the complete road. 

Preparation of Foundation.—With either type the ground upon which 

the slab is laid should be carefully prepared. All vegetation or patches of existing 
roads should be stripped off the site and hollow places filled with earth laid in 
superimposed layers 8 in. to 12 in. thick. Each layer should be well watered 
and rolled, a suitable weight for the roller being about 5 tons. Where the whole 
site has to be filled to the formation level of the road the filling should be left 
for about two months to settle before the concrete is laid. In awkward places 
where a roller cannot operate, a rammer weighing up to I ton and oj)erated by 
several men should be used. Immediately before the concrete is placed the 
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ground should be tamped with a J-cwt. hand rammer and well watered. When 
the surface lacks homogeneity it is advisable to roll in a layer of hardcore, and 
for very dry, dusty, or sandy surfaces the application of a sheet of waterproofed 
paper or a thin layer of lean concrete will prevent the water in the slab concrete 
from soaking into the ground. If the top of the ground is shaped in conformity 
with the camber of the finished road surface, the advantages of improved forma¬ 
tion, drainage and economy of concrete accrue. 

Reinforcement.— For all-concrete roads the slab can be from 4 in. to 8 in. 
in thickness, depending on the weight of traffic and the type of subsoil; the 
reinforcement should be between 6 lb. and 10 lb. per square yard, provided in a 
single layer in the bottom of the slab. With exceptionally heavy traffic on poor 
subsoils a layer of reinforcement in the top and bottom of the slab giving a total 
weight of 10 lb. to 15 lb. per square yard may be required. The provision of 
fabricated mesh reinforcement merits consideration in preparing road designs, 
and if cold-drawn hard steel is used a weight equal to only two-thirds of the 
required weight of rolled mild steel is necessary. 

The arrangement of the reinforcement depends on the width of the road 
and spacing of the transverse joints. If these joints are at distances apart equal 
to the width of the road the steel should be arranged to give equal strength 
in both directions (square mesh), but if transverse joints are not provided, or are 
provided only at long intervals, at lea^t nine-tenths of the total reinforcement 
should be parallel to the length of the road. For panels of intermediate sizes 
an intermediate ratio of between 0*5 and 0*9 of the total steel should be placed 
longitudinally. 

The transverse bars should be bent up into and be attached to the longi¬ 
tudinal bars in the kerb if this is cast monolithic with the main slab. Often 
a granite kerb set on an independent mass concrete base is provided. If the 
ground under the edges of the road slab is likely to be affected by ground water, 
frost, etc., the outer 2 ft. or 3 ft. of the slab should be tapered from the normal 
thickness to 2 in. or 3 in. more at the extreme edge. 

Concrete.—The concrete for road bottom slabs should not be leaner than a 
1:2:4 nominal mix (see Table No. 23, page 263), and for all-concrete road con¬ 
struction not leaner than i : : 3. For the wearing surface, gravel or other 

rounded aggregates are definitely not advocated and a hard crushed stone should 
be used. In districts where such crushed aggregates are costly an economical 
and durable road slab can be obtained by making the bulk of the slab of i: 2 : 4 
concrete with a selected gravel aggregate, and the top in. of i: i J : 3 concrete 
with a crushed granite aggregate graded from J in. to J in. and clean coarse 
sand. 

Exposure to weather and abrasion from traffic impose a severe test on con¬ 
crete used for roads, and thus every reasonable precaution to attain a high 
standard of excellence should be taken. The water content should be strictly 
controlled and slump tests should be made periodically, the maximum slump 
being never more than in. and the nearer it is to zero the better so long as 
concreting is not hindered (see Chapter IX). Some specifications require the 
water content to be from 8 per cent, to 10 per cent, of the weight of the dry 
materials. For small water contents it is essential adequately to mix the materials, 
and it is sometimes recommended to mix dry for hsdf a minute, and, after admitting 
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the water, mix for i to ij minutes with a drum speed of 15 to 20 revolutions 
per minute. 

When the concrete has been placed it should be well and continuously tamped 
by hand or mechanical tampers or vibrators in order to bring to the surface the 
small amount of excess water before the immediate commencement of the 
finishing operations, the first of which is further tamping of the concrete surface 
with a timber beam shaped to the required camber of the finished profile. This 
beam is usually about 2 in. wide, extending the full width of the road, and worked 
off the side forms. This operation is sometimes followed by further consolidation 
by a wide roller weighing about i cwt. dragged transversely across the slab by 
workmen standing at the edges. There should then follow the minor operations 
involving surfacing by hand at joints, accidental hollow places, etc., previous to 
the final operation of drawing a canvas belt to and fro across the surface of the 
concrete. After the initial set has taken place the slab should be flooded with 
water, and later completely covered with a few inches of sand or earth from the 
excavation. This covering should be maintained saturated for about three weeks, 
and the road should not be opened to traffic until one month after pouring; in 
frosty weather this period should be lengthened. If rapid-hardening Portland 
cement or high-alumina cement has been used the interval can be reduced. 

Joints.—Although many concrete roads are constructed without transverse 
joints the provision of such joints, and in wide roads . central longitudinal joint, 
assists in eliminating temperature cracks, shrinkage cracks, and the opening of 
construction joints. A convenient interval between joints is 30 ft., and the end 
of each day's concreting operations should coincide with a joint. A clear gap 
of about ^ in. should be left between the faces of adjacent panels and the space 
filled with a bitumastic material. The filling material is often in the form of 
sheets or strips shaped to the profile of the road and kerbs and projecting from 
the joint so that it can be flattened down on the top surface of the slab, as shown 
in Fig. 36, to protect the top edges of the panel faces. In the centre of the 
slab, and at intervals of about 2 ft. 6 in. across the width of the road, J-in. bars 
2 ft. or 3 ft. long should project horizontally from one panel to connect with the 
succeeding panel; these bars are usually greased in order to allow free expansion 
while preventing any one panel rising relatively to its neighbour. 


7.—Permanent Joints. 

Joints in monolithic concrete construction are required to allow free expansion 
and contraction due to temperature changes and shrinkage in such structu/es 
as retaining walls, reservoirs, roads, and long buildings, and to provide for 
unrestrained deformation in the case of vertical walls of cylindrical containers 
when it is undesirable to transfer any bending moment from the walls to the 
bottom slab. In Fig. 36 a number of typical designs for joints are illustrated. 

At (a) the profile of a vertical joint in a cantilevered retaining wall is indicated. 
Such joints are frequently provided in the stems of walls, the spacing depending 
on the height of the wall, but the maximum interval should not exceed 60 ft. 
For low waUs with thin stems a simple dry joint is usually sufficient, but the 
objection to the latter type is that any unequal deflection or tilting of one section 
relative to the next would show at the joint. A keyed joint, as indicated at 
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(a), is therefore preferable for walls more than 4 ft. high, and this construction 
also reduces the amount of percolation of noisture through the joint. A double 
chamfer on the exposed face of the joint improves the appearance. The type 
of joint illustrated allows for shrinkage and expansion, not greater than the 
shrinkage, to take place and usually such an allowance is sufficient. Where it 
is necessary to provide for a larger amount of expansion, a space J in. wide should 
be left between the faces of the concrete and filled with resilient material. 

In Fig. 36(i>) a method of housing the base of cylindrical tank walls in the 
bottom slab of the tank is illustrated. This method, which could also be applied 
to the base of walls of cylindrical water towers, ensures that moments are not 
produced in the wall due to the restraining action of the base and that the base 
slab is not prevented from shrinking by ^he walls. 

In the vertical walls of reservoirs a joint must be provided that allows 
movement due to shrinkage and temperature contraction to occur and also 
prevents water escaping through it. A joint of this kind, aoplicable to canti¬ 
levered vNcalls of reservoirs, is shown in Fig. 36 (c) and includes a copper strip 
which provides an effective water stop. 

In slabs laid directly on the ground (and not forming part of a foundation 
raft), construction joints should be made permanent joints in predetermined 
positions, the latter usually conforming to the -ends of day's work, restricted 
sections, changes of sections, or other positions where cracks are likely to occur. 
Fig. 36(d) shows the design for such a joint making a definite break in the 
continuity of the slab. This type of joint should be provided at intervals of about 
15 ft. in the bases of reservoirs or in floors laid directly on the ground. The 
pads prevent one panel settling relatively to the other when laid on soft ground, 
but on very firm subsoils the pad may not be necessary When the floor is 
subject to abrasion, and especially in factories where wheeled containers may 
travel across the joint, the edges of the joint should be protected by building in 
strips of rolled steel angle section as indicated. If the subsoil is waterlogged, 
the detail at (/) can be adopted, the copper strip being inserted to render the 
joint watertight. This design is also suitable for the floors of reservoirs. 

In the case of cantilevered retaining walls and reservoir walls it is not usually 
necessary to extend the joint from the walls into the base slab, but a longitudinal 
joint parallel to the wall should be provided to separate the base of the wall 
from the general area of the floor when the latter is considerable in size. 

In Fig. 36(e) a common type of joint adopted in road construction is 
illustrated. 

Where permanent joints are provided in buildings it is necessary to carry 
the joint through the floors, walls, and roof slab. Alternative proposals for the 
design of joints in roof slabs and external walls are given in Fig. 36(g) and (h). 

The reader is referred to the author's “ Concrete Construction " for particu¬ 
lars of the construction of the foregoing and other types of joints, and for 
descriptions of methods of construction which aim at eliminating or reducing 
shrinkage stresses. Reference should also be made to the Institution of Civil 
Engineers code relating to the design and construction of structures to contain 
liquids, in which the provision of joints in the floors, walls, and roofs of reservoirs 
is dealt with in detail 



CHAPTER IX 


CONCRETE MATERIALS, MIXES, AND STRESSES 

1.—Materials. 

The essential qualities of sand, stone, and cennent are given in all regulations 
and specifications and are fully described in the author's “ Concrete Construction." 
Only those factors that directly affect the designer are discussed in the present 
chapter. 

Most of the materials employed in reinforced concrete are the subject of 
British Standards and these-should be referred to for a complete specification 
of the requirements. 

Cement. —The types of cement suitable for reinforced concrete are normal¬ 
setting ordinary, rapid-hardening, and blastfurnace Portland cements and high- 
alumina cement. Different types should not be combined. Quick-setting Portland 
cement is not used in normal construction work, although the admixture of calcium 
chloride to either ordinary or rapid-hardening Portland cement is frequently 
practised to accelerate initial set, either for cold-weather concreting or to enable 
earlier removal of the moulds from pre-cast units. Generally, cements with any 
such admixture do not conform to the requirements of current British Standards. 

Normal-Hardening Portland Cement. —The setting times of ordinary Port¬ 
land cement as specified in B.S. No. 12 (1940) are not less than 30 minutes for 
initial set and not more than 10 hours for final set. The setting times for quick¬ 
setting Portland cement are 5 and 30 minutes respectively. The fineness require¬ 
ments are such that at least 90 per cent, should pass a No. 170 B.S. sieve (nominal 
size of aperture ~ 0 0035 in.). The minimum tensile stress on a i to 3 mortar 
is 300 and 375 lb. per square inch at 3 and 7 days respectively, or, as an alter¬ 
native, a compression test on mortar cubes should exhibit strengths not less 
than 1,600 and 2,500 lb. per square inch at 3 and 7 days respectively. 

Rapid-Hardening Portland Cement. —The princip^ physical difference 
between ordinary and rapid-hardening Portland cement is the finer grinding of 
the latter, the residue on a No. 170 B.S. sieve being not more than 5 per cent, to 
conform to B.S. No. 12 (1940). The residue when sieving an ordinary Portland 
cement as commercially supplied may be as low as per cent., while in the case 
of a rapid-hardening Portland cement it may be less than 2J per cent. The 
setting times required conform to those specified for ordinary Portland cement, 
but the minimum tensile strength of mortar at 3 days is 450 lb. per square inch 
and the minimum compressive strength on mortar cubes at 3 days is 3,500 lb. 
per square inch. The more rapid rate of hardening of concretes made with such 
cement usually results in offsetting the extra cost by the savings accruing from 
the ability to strike the shuttering at an earlier date. 

134 
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High-Alumina Cement. —This cement is characterised primarily by its rapid¬ 
hardening qualities due mainly to the increased proportion of alumina (as AI2O3). 
In Portland cement the amount of this constituent is usually between 5 and 
per cent., but it may be up to 40 per cent, in high-alumina cement; B.S. No. 915 
(1940), specifies a minimum of 32 per cent, of alumina. The fineness is inter¬ 
mediate between ordinary and rapid-hardening cement, with a specified maximum 
residue of 8 per cent, on a No. 170 B.S. sieve. Initial set is between two and six 
hours, and the final set within two hours after the initial set. The compressive 
strength of mortar cubes is required to be double that of rapid-hardening cement 
at three days. The time saved as a result of using high-alumina cement for 
certain types of construction, and the immunity of higU-alumina cement concrete 
from attack by sea-water and most corrosive liquids, are the principal factors which 
offset the higher cost. 

The London Building By-lawS specify certain requirements for high-alumina 
cement which do not in all respects conform to British Standard No. 915 (1940). 

Portland Blastfurnace Cement. —The requirements for this cement as 
specified in B.S. No. 146 (1941) include a slag content of between 35 and 65 per cent. 
Otherwise the specified fineness, setting-times, and mortar strengths are the same 
as those for ordinary Portland cement. The use of this cement is accepted by the 
Code of Practice and the London Building By-laws. 

Quality of Aggregates.— -Cleanness and hardness are the essential charac¬ 
teristics of the fine aggregate (sand) and coarse aggregate (stone), but lack of 
porosity and freedom from crusher dust, laminated and wedge-shaped particles, 
and splinters are also important. Gravels and crushed stone are the best 
materials for coarse aggregate. Broken brick is a cheap form of aggregate for 
mass concrete work and produces a good fireproofing concrete, whereas flint, 
and to a certain extent granite, are not the most suitable materials for this 
purpose. Coke-breeze and other coal residues should not be used for load- 
supporting members, but they produce an economical light-weight concrete for 
partition walls and similar construction. 

Gauge and Grading of Aggregate. —The grading and gauge of aggregate 
materials vary considerably with the nature and source of the material, and 
the requirements in this respect depend upon the class of work. For ordinary 
building work the fine aggregate should be graded from Aowii fo flust 

with not more than 3 per cent, passing a No. 100 B.S. sieve. The coarse aggregate 
should be graded from ^ in. up to f in., and between these limits the grading 
should be such as to produce a concrete that is dense and workable without 
requiring excess water. The maximum gauge of the coarse aggregate should be 
related to the cover of concrete over the reinforcement and the space between 
the bars. When the cover or lateral distance between bars is less than i in. 
it is usual to specify a maximum gauge of J in. less than the smaller of these 
two dimensions. In no case is it advisable for the maximum gauge to exceed 
20 per cent, of the minimum concrete dimension. Thus, if a |-in. aggregate is 
specified, neither the cover nor the lateral distance between any two bars should 
be less than i in., and the thickness of any slab or beam rib should not be less 
than 3f in. 

For certain work special consideration of the maximum gauge is required ; 
in the construction of a chimney shaft a maximum of J in. is often specified, 
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while for hollow clay-tile floors or similar narrow ribbed construction f in. is 
the usual maximum. 

For unreinforced concrete larger sizes, up to, say, 2 in., are permissible and 
for road slabs, particularly in the base slab of two-course construction, ij-in. 
or 2-in. maximiun gauge is usual. Where the dimensions of plain concrete work 
warrant it, as in massive bridge piers, heavy foundations, concrete filling, etc., 
the use of hard stone '' plums can be permitted, subject to reasonable pre¬ 
cautions in spacing and laying them. 

In reinforced concrete work, the maximum gauge of the coarse aggregate 
may also exceed | in., as long as it docs not exceed 75 per cent, of the cover or 
lateral spacing between the bars, whichever is the smaller. 

For work subject to attrition, such as road slabs, floors of garages, factories, 
workshops, etc., where special finishes are not applied, a coarse sand, rich in 
intermediate sizes, is preferable to the finer sands permissible in normal building 
construction. For impermeable construction the aggregates should be given 
specied consideration so as to obtain as dense a concrete as possible. The limiting 
sizes of in. and | in. already mentioned are generally suitable, but not less 
than 5 per cent, nor more than 30 per cent, of the fine aggregate should pass a 
No. 52 B.S. sieve. Not less than 95 per cent, of the coarse aggregate should 
exceed ^ in., but between 45 per cent, and 75 per cent, should be | in. or less. 
If the maximum gauge is other than f in., between 45 per cent, and 75 per cent, 
should be equal to or less than the size corresponding to half the maximum 
gauge. 


2,—Concrete Mixes. 

Expressions for Mixes.—The proportions in which the three constituents— 
cement, fine aggregate, and coarse aggregate—are mixed are usually expressed 
for convenience in volumetric proportions based on unit volume of cement, for 
example, 1:2:4 meaning two parts by volume of fine aggregate to four parts 
by volume of coarse aggregate to each part by volume of cement. Since it is 
important to ensure that the quantity of cement is not less than that anticipated, 
it is imperative that the cement should be measured by weight. If Portland 
cement is taken at a nominal weight of 90 lb. per cubic foot, by a i : 2 : 4 mix 
is actually meant 90 lb. of Portland cement to 2 cu. ft. of fine aggregate to 4 cu. ft. 
of coarse aggregate. Since the basis of a batch of concrete is usually a hundred¬ 
weight bag of cement, this mix would be equivalent to 112 lb. of cement to 
2j cu. ft. of fine aggregate to 5 cu. ft. of coarse aggregate, and in specifications 
and on working drawings the concrete mix should be expressed in these terms. 

So long as it is realised that the method of expressing concrete mixes in nominal 
volumetric proportions is merely a convenience, its use can greatly facilitate 
reference in conversation or writing to any particular mix and for this purpose 
is preferable to the alternative methods, namely, (i) expressing the mix in terms 
of volumes of fine and coarse aggregates to a specified weight of cement, which 
leads to cumbersome expressions, or (2) giving different mixes distinctive labels, 
such as “ Mix A '' or Mix I.*' Since the Code of Practice and the London By-laws 
contain different references of this type for identical mixes, confusion may result. 
There is also the difficulty of selecting a suitable reference for mixes, in pro- 
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portions intermediate between, or variations upon, the principal referenced 
mixes. 

For these reasons nominal volumetric proportions are adopted in this volume, 
and on Table No. 23 (page 263) are given the corresponding references in 
accordance with the Code and the London By-laws, together with the volumes 
of aggregate required with i cwt. of cement when using the more common 
mixes. 

Proportions.—The proportion of cement to aggregate depends on the 
requirements of the concrete as regards strength, impermeability, etc. Experi¬ 
ence shows that a nominal 1:2:4 mix produces a concrete suitable for general 
construction both as regards cost and strength. Leaner mixes are not generally 
recommended for reinforced concrete work unless the mixture has been properly 
designed and tested with respect to i\e actual materials and water content. 
A nominal 1:3:6 mix is suitable for imreinforced concrete or for temporarily, 
placed concrete that has to be cut away later. Workable mixes richer in cement 
than I : 2 : 4, for example i : : 3 and 1:1:2, are stronger and more expensive 

owing to the higher cement content, but are not usually economically justified 
in members subject to simple bending, since so much of the concrete is in the 
tension area and is therefore ignored according to the generally accepted methods 
of calculation. The richer mixes, however, often produce economical designs 
for heavily loaded colunms or for members subject to combined bending and 
direct thrust, when the direct force predominates. Richer mixes than 1:1:2 
contain so large a proportion of cement that, apart from the question of cost, 
the shrinkage upon hardening is serious. Instead of using a very rich mix it 
is almost invariably more economical to obtain the necessary compressive strength 
by careful selection of the aggregates and control of the water content. On 
Table No. 23 recommendations are given for the most suitable mix for vaiious 
parts and types of structures under normal conditions. 

For impermeable construction, as is necessary in liquid-containing structures, 
the nominal proportions should not be less than approximately i : if : 3J, that 
is 2 cu. ft. of fine aggregate and 4 cu. ft. of coarse aggregate to i cwt. of cement. 
If, however, the thickness of the concrete walls or other slabs exceeds 24 in., 
a nominal 1:2:4 mix is permissible. 

It is also usual to specify a mix of i: if : 3f for pre-cast piles, concrete 
deposited under water, unprotected roof slabs, and in other places where a 
concrete of a little better quality than i: 2 : 4 is required. In hollow tile floors 
and similar narrow ribbed construction, a i : if: 3 mix is often specified. 

It is usual to ** blind ” the bottom of an excavation with concrete to obtain 
a clean working surface. The blinding layer should be composed of concrete 
mixed in the proportions of i part of Portland cement to 10 parts of combined 
aggregate. 

Proportions of Fine and Coarse Aggregates. —The ratio between the 
amoimts of fine and coarse aggregate necessarily depends on the grading and other 
characteristics of these materials in order that the volume of sand shall be 
sufficient to fill the voids in the coarse aggregate, thus producing a dense concrete. 
Until the material for a particiilar job has been delivered it is not possible to 
say what will be the exact grading of either the sand or the stone. Therefore 
this information will not usually be available when the specifications are being 
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prepared. Alternative courses are open to the engineer when specifying the 
proportions for a concrete mix. 

The proportions of a particular sand and a particular stone, with whose 
properties the engineer is acquainted, can be specified. The gradings of these 
materials should be fairly constant throughout all consignments. It is preferable 
if one or two independent sources of supply are available in order to obtain 
competitive prices, and the material should be obtainable within reasonable 
distance of the site so as to reduce transport costs. Even when the material 
is defined in this way it is wise to specify the limits of variation of the essential 
properties. 

Alternatively the proportions of a coarse and fine aggregate having definite 
gradings (within limits) can be specified by the engineer, leaving it to the 
contractor to supply what is required. 

A third, and probably the best method, is to specify the provisional ratio 
of fine to coarse material, the maximum and minimum sizes (with such per¬ 
centages of intermediate sizes as are thought necessary), and insert a clause that 
allows adjustment of the proportions after examination of the actual materials. 
The engineer should be cautious when putting this clause into effect, since 
alteration of the proportions may require the provision of more of the expensive 
material and less of the cheaper, thereby leading to discussion of unit prices. 

Generally the proportion of fine to coarse aggregate should be such that 
the volume of fine aggregate should be about 5 per cent, in excess of the voids 
in the coarse material. Since the volume of voids may be up to 45 per cent., 
the common ratio is one part of fine to two parts of coarse aggregate, as for 
example in 1:2:4, i : : 3, etc. Such proportions, however, relate to dry 

materials. Whereas the water content of a damp coarse aggregate does not 
appreciably affect the volume, the dampness of fine aggregate can increase the 
volume by as much as 30 per cent, over the dry (or fully saturated) volume. It 
should therefore be realised, and included in the specification, that the pro¬ 
portions given apply to a dry sand ** and must be adjusted to allow for bulking 
due to dampness. 

The I : 2 ratio of fine (dry) and coarse aggregate will, of course, be altered 
if testing shows that with given materials a more dense concrete can be obtained 
by using other proportions. The Code and London By-laws recognise this varia¬ 
tion, but set as limits to the amount of variation the ratios of i : and i : 2^. 

Thus for a nominal 1:2:4 mix, variation of the proportions may result in the 
equivalent extreme mixes of approximately i : 2^ : 3I and i : if : 4f. 

Water Content. —The quality of concrete depends to a great extent on the 
amount of water used in mixing. There is a certain amount of water for any 
proportions of given materials that will produce a concrete of maximum strength, 
A smaller amount of water than this leads to a decrease in strength, and about 
10 per cent, less is insufficient water to ensure complete setting of the cement 
besides producing an unworkable concrete. More than this critical amount 
increases workability but decreases strength, a 10 per cent, increase reducing the 
strength by approximately 15 per cent., while a 50 per cent, excess reduces the 
strength by one half. With more than 50 per cent, excess the concrete becomes 
too wet and liable to segregation. The use of excess water not only leads to low 
strengths but increases shrinkage and decreases density. 



CONCRETE MATERIALS, MIXES, AND STRESSES 


139 

A rule recommended for determining che amount of water to give a strong 
concrete of reasonable workability is 

W = 0*2817^ + 0‘04W^^ 
where W = weight of water 
= weight of cement 
= total weight of aggregate. 

If dry aggregate has an average weight of 90 lb. per cubic foot, the amount of 
water required in a batch of 1:2:4 concrete containing i cwt. of cement is 
(using the quantities given on Table No. 23) 

IV = (0-28 X 112) + fo-04 X 90(2-5 + 5-0)] ^ 58 lb. 

-o 

— ^ = 5I gallons. 

10 

This rule assumes that the materials are non-absorbent and dry, and allow¬ 
ances should be made for other conditions. 

Concrete placed by efficient mechanical vibrators can often be mixed drier 
than normal tamped concrete, thereby obtaining higher strengths. 

A practical method of assessing the amount of water is by making trial 
mixes with the materials and only sufficient water to make a plastic concrete 
that is capable of being worked among and around the bars. When the best 
mix has been determined, a slump test should be : >ade and the value of the 
slump should be checked throughout the subsequent mixings by frequent testing. 
The slump test has the practical advantage of allowing for the porosity and 
dampness of the aggregates, and is a comparative measure of the wetness of the 
concrete placed. 

A suitable maximum slump for reinforced concrete work is 6 in. but a smaller 
value is often desirable. For impermeable construction a slump of 2^ in. is 
generally recommended, but if the reinforcement is particularly intricate the 
slump may be increased to 6 in. In the latter case, however, efficient vibration 
would allow a drier and therefore denser and stronger concrete to be used. For 
plain concrete in heavy foundations, roads, and dams, the slump may be almost 
zero. 


3.—Properties of Concrete. 

Weight .—The weight of plain and reinforced concrete is discussed in 
Chapter II. In design 144 lb. per cubic foot is a convenient and acceptable 
weight to assume in calculating the dead load, since each square inch of cross 
section then corresponds to i lb. weight per Imeal foot of the member considered. 
In the design of shuttering a weight of not less than 150 lb. per cubic foot should 
be allowed for wet concrete. The horizontal pressure exerted by wet concrete 
can be taken as 140 lb. per square foot of vertical surface per foot depth, but 
for depths exceeding a few feet and for narrow widths, drier concretes, and 
where the reinforcement is plentiful and intricate, this unit pressure can be 
decreased. 

Ultimate Compressive Strength. —With given materials the ultimate 
compressive strength of concrete depends primarily upon age, cement content, 
and the ratio of cement to water, increase in any of these factors giving an 
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increase in strength. Maximum strengths vary from 1,500 lb. per square inch 
for lean concretes to more than 8,000 lb. per square inch for specially controlled 
mixes. The rate of increase of strength with age is almost independent of the 
cement content, and in 28 days about 60 per cent, of the strength attained in a 
year is reached ; 70 per cent, of the 12-month strength is reached in two months 
and about 95 per cent, in six months. For design purposes the working stresses 
are usually based on the strength at 28 days. At this age concretes of various 
mixes should not have an ultimate strength less than those specified on Table 
No. 23, which agree with the London By-laws and the Code for ordinary quality 
of concrete. 

If a superior concrete is used, for example Quality A (London By-laws) or 
High-Grade (Code), working stresses based on higher ultimate strengths can be 
adopted and the limiting values are tabulated on Table No. 23 for corresponding 
mixes. In order to adopt in design working stresses based on these higher 
ultimate values it is necessary to carry out preliminary tests at 28 days on 
laboratory-made cubes to ensure that a minimum factor of safety of 4J on the 
tabulated working stress is obtained. Wlien corresponding tests are made on 
site-made cubes, the least factor of safety should be three. 

For the minimum ultimate strengths for concretes mixed in proportions 
other than those given on Table No. 23, and for concrete to be used in impermeable 
construction and for plain concrete, the reader is referred to the remarks given 
later on “ Working Stresses.*' 

For the construction of bridges the Ministry of Transport specifies that the 
ultimate strength at 28 days with ordinary Portland cement, and at 7 days with 
rapid-hardening Portland cement, should be (15.^ -f- 900) lb. per square inch, 
where A — weight of cement (lb.) used with 2 cu. ft. of fine aggregate and 
4 cu. ft. of coarse aggregate. The corresponding ultimate strengths are given 
on Table No. 23. 

Compression tests in this country are usually made on 6-in. cubes; these 
should be made, stored, and tested in accordance with the standards laid down 
in the London By-laws, for example. For cubes made on the site for routine 
tests it is usual, where not controlled by regulation, to cast four from a single 
batch of concrete and make distinguishing marks on these. Two of these should 
be tested at 7 days and two at 28 days. For the results to be acceptable, the 
strengths of each cube in any pair should not vary by more than 30 per cent, 
unless the minimum strength exceeds the ultimate strengths required. The 
7-day tests form a guide to the rate of hardening, and generally the strength 
at this age for normal hardening Portland cement should be not less than 60 per 
cent, of the strength required at 28 days. 

Tensile Strength.—Although neglected in orthodox calculations for 
members in bending, the tensile strength of concrete enters into the considera¬ 
tion of shear and the design of tanks; these aspects are discussed later under 
“ Working Stresses." 

Modulus of Elasticity.—Young's modulus for concrete (EJ increases with 
the richness of the mix, age, repetition of stress, and similar factors. Actual 
values lie between the wide limits of 750 and 1,500 times the ultimate com¬ 
pressive strength. Thus E^ for a i; 2 ; 4 concrete might average 3,000,000 lb. 
per square inch and, when combined with a steel modulus of = 30,000,000 lb. 
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per square inch, a modular ratio = ^‘ = 10 is obtained. In the generally 

accepted formulae for calculations an arbitrary modular ratio of 15 (corresponding 
to = 2,000,000) is usually adopted for all mixes and is accepted under the 
London By-laws. This ratio seems to compensate in part for the errors involved 
in the consideration of reinforced concrete as a theoretically elastic substance 
and for neglect of the tensions! value of concrete in bending. 

In design calculations the Code specifies a value of for the modular ratio 

equivalent to where is the minimum ultimate compressive strength 

at 28 days. These ratios are tabulated on Table No.* 23 ; for a i : 2 : 4 ordinary 

concrete a modular ratio of — — 17-8 is obtained, the corresponding ratio 

2,250 

for High-Grade concrete of the same mix being 14. 

For building construction, except when using Special-Grade concrete, it is 
suggested that a modular ratio of 15 should be adopted for all mixes, but when 
calculations involving actual deformations are concerned the ratios in the Code 
should be used. 

When designing impermeable structures it is recommended to take m == 12 
for I : i§ : si Quality A concrete an 1 w = 14 for a t ; 2 : 4 Quality A mix. 

Temperature Coefficient. —The coefficient of linear expansion and con¬ 
traction due to temperature changes increases with an increase in cement content 
and for practical mixes may vary from, 0*000005 to 0*0000065, an intermediate 
value of 0*0000055 per degree F., being a practical value which is about the 
same as that for mild steel. This factor enters into the design of chimneys, 
tanks containing hot liquids, exposed or long lengths of construction such as 
roads, arches, warehouses, etc., and adequate provision must be made in the 
design to take up the stresses due to temperature changes or to limit the strains 
by providing joints. 

Shrinkage. —Unrestrained concrete members exhibit progressive shrinkage 
over a long period while they are hardening. For concrete that can dry completely, 
and where shrinkage is imrestrained, the linear coefficient is approximately 
0*00025 28 days and 0*00035 at three months, after which period the increase 

is less rapid until at the end of twelve months it may approach a maximum 
value of 0*0005. In reservoir construction and similar cases where concrete 
cannot become completely dry a maximum value of 0*0002 may be reached. 
Concretes rich in cement, or made with finely-ground cements or with a high 
water content, exhibit greater shrinkage than lean mixes. 

If the length of a concrete member is restrained so that shrinkage cannot 
take place, tensile stresses are set up. When it is realised that a shrinkage 
coefficient of 0*0002 may correspond to a stress of 500 lb. per square inch when 
restrained, it will be appreciated that it is important to reduce or neutralise 
these stresses by using strong concretes containing the minimum of cement and 
water, by proper curing, and by the provision of joints. 

Bulk Shrinkage upon Mixing. —When the constituents of concrete are 
mixed with water and tamped into position, a reduction in volume to about 
two-thirds of the total volume of the dry unmixed materials takes place. The 
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actual amount of reduction depends on the nature, dampness, grading, and 
proportions of the aggregates, and on the cement content, the amount of water, 
the thoroughness of mixing, and the amount of tamping or vibration. With 
so many variables it is difficult to assess closely the amount of each material 
required to produce a cubic yard of wet concrete in place. The quantities given 
on Table No. 23 are normal values for gravel concretes but do not allow for 
waste. Alternative quantities are given for dry and damp fine aggregates, the 
latter allowing for 30 per cent, of bulking. The quantities of fine and coarse 
aggregates for other mixes can be obtained by proportion. 


4 .—Working Stresses. 


Compression due to Bending.—The working compressive stress due to 
bending (referred to as c in the following pages) is usually taken as one-third 
of the specified minimum ultimate crushing strength at 28 days. The normally 
accepted values of c for the more common mixes not leaner than 1:2:4 are 
given on Table No. 23, and these stresses correspond to the requirements of the 
London By-laws and the Code, values being given for both ordinary quality and 
Quality A (or High-Grade) concretes. Thus for 1:2:4 concrete, the value of 


c = 


2,250 


= 750 lb. per square inch for ordinary quality and c 


2,850 


= 950 lb. 


per square inch for Quality A. The Code recognises a grade of concrete superior 
to High-Grade which is termed “ Special Grade,*' and for which under conditions 
of strict bite control, preliminary and progress testing, and monolithic frame 
design, the value of c can be increased up to 25 per cent, in excess of High-Grade 
(or Quality A) stresses, subject to there being a factor of safety of 3 on site-made 
cubes at 28 days. 

For mixes where the ratio of fine to coarse aggregate differs from 1:2, the 
stresses can be taken as equivalent to those for a mix having the same sum of 
fine and coarse aggregate. Thus a nominal mix of 1:2^: 3^ or a mix of 
I : if : 4J can both be taken as equivalent to i : 2 : 4 as regards working stresses 
since the sum of the proportions of fine and coarse material is six in each case. 

For proportions intermediate between those tabulated, the value of c can 
be computed by proportion between the values given for the two nearest mixes 
based on the sum of the separate volumes of the fine and coarse aggregate. In 
all such adjusted cases, it is essential that the minimum 28-day ultimate strength 
should be 3c. Thus with a mix of i : 2 : 3J (ordinary) for example, the sum of 
the voliunes of fine and coarse aggregate L = 2 + 3^ = 5i, which is inter¬ 
mediate between 1:2:4 (F, ~ 6) and i : if : 3J (K^ = 5). Thus 


c — Cj 4- 


v,-v. 


where and c, are compressive working stresses for the two adjacent mixes. 
Thus for a nominal mix of i: 2 : 3f 

(6 - 5i)(88o - 750) 


c = 750 + 


815 lb. per square inch, 


since 880 and 750 are the values of c for i: 2 :4 and i: if: 3f ordinary mixes 
respectively. 
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For bridge construction the Ministry of Transport memorandum specifies 
that c should be taken as one-third of the ultimate strength calculated by the 
formulae given previously. Thus c = + 300, in which A is the weight (lb.) 

of cement used with 2 cu. ft. of fine aggregate and 4 cu. ft. of coarse aggre¬ 
gate. For 112 lb. of cement the volume of coarse aggregate for 

112 

mix is 3f cu. ft. ; thus A = X 4 == 120 lb. Hence c ~ (5 x 120) + 300 

= 900 lb. per square inch, compared with the stress of 850 lb. per square inch 
used in buildings for ordinary concrete of this mix. 

For impermeable construction, adopting a nominal i : i§ : 3I Quality A 
mix, a maximum compressive stress of 880 lb. per square inch should be adopted 
for slabs and beams subject to bending, although for the ribs of beams remote 
from the face in contact with the water a stress of 1,100 lb. per square inch can 
be used, since the 28-day ultimate strength of a concrete used for impermeable 
construction should not be,less than 4,950 lb. per square inch for laboratory- 
made cubes and 3,330 lb. per square inch for cubes made on the works. In thick 
construction a i: 2 : 4 mix is used having a 28-day ultimate strength of 4,275 lb. 
per square inch for laboratory-made cubes and 2,850 lb. per square inch for works 
cubes. The value of c can be taken as 760 lb. per square inch for slabs and 
beams and 950 lb. per square inch for beam ribs remote from the water face. 
These stren^hs and stresses are indicated on Table xio. 23. 

Direct Compression,—For members such as axially-loaded columns in 
direct compression, the maximum compressive stress is normally taken as 80 per 
cent, of the permissible compressive stress in simple bending. These stresses 
are given on Table No. 23. In orthodox design this stress is taken over the 
whole area of an ordinary column section and on the core section of columns with 
helically bound cores. In impenneable construction, however, as c is already 
taken at a low value (except for beam ribs remote from the water face) the 
same stress can be adopted in direct compression as in bending. 

Combined Bending and Direct Force. —When a member is subject to 
bending moment combined with a direct thrust (as in arches, columns forming 
part of a frame, etc.) or bending moment combined with a direct pull (as in the 
walls of rectangular bunkers, tanks, etc.) it is usual to work to the same per¬ 
missible compressive stress (c) in the concrete as if the member were acted on 
by bending alone. Thus for a column constructed in 1:2:4 ordinary quality 
concrete, the compressive stress should not exceed 600 lb. per square inch for 
direct load alone, nor exceed 750 lb. per square inch when the direct load is 
combined with a bending moment. 

Direct Tension.—In the design of members subjected to bending it is 
usual to neglect the value of the concrete in tension, but in certain cases, such 
as structures containing liquids and more commonly in the consideration of 
shear resistance, the tensile strength of the concrete becomes an important factor 
in the design. Tests seem to indicate that the tensile strength is not directly 
proportional to the compressive strength but varies more nearly as the com¬ 
pressive strength to the two-thirds power. 

For members such as hangers which are in direct tension and where cracking 
is not necessarily detrimental, the tensile strength of the concrete is neglected 
and reinforcement is provided to take the whole load. In construction that 
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must be impermeable, and therefore free from cracks, the tensile stresses in the 
concrete must be limited. For members in direct tension, such as the walls of 
cylindrical containers, the tensile stress for a i : if : Quality A concrete should 
be limited to 175 lb. per square inch, but for members subject to bending the 
section should be designed as described in Chapter VII so that the maximum 
tensile stress in the concrete does not exceed 250 lb. per square inch. The 
corresponding stresses for 1:2:4 concrete should be reduced approximately 
in proportion to the ultimate strength. 

Shear Stresses.—The shear stress calculated on the lever-arm section of 
a beam should not exceed 10 per cent, of the maximum permissible compressive 
stress in bending (that is o*ic), and when the whole of the diagonal tension due 
to the shearing forces is taken on the reinforcement the shear stress should not 
exceed 0*4^. 

Punching shear, as in column footings and pile caps, should be limited 
to 0'2C. 

The foregoing stresses, which are tabulated on Table No. 23, are applicable 
to normal building work, but discretion should be used before adopting the 
extreme higher values. The stresses in‘brackets on Table No. 23 are the reduced 
shear stresses that should not be exceeded in impermeable construction. 

Adhesion.—The basic adhesion stress between concrete and plain round 
bars is usually assumed to be (o i^; -f 25) lb. per square inch when investigating 
the bond or anchorage of reinforcement, but the factors discussed in Chapter X 
should also be taken into consideration. The bond stress for 1:2:4 ordinary 
concrete in accordance with this expression is 100 lb. per square inch, and 
stresses corresponding to other mixes and qualities are given on Table No. 23. 
The values in brackets again apply to impermeable construction. 

Rapid-Hardening Cement Concretes.—It is not generally recommended 
to work to higher stresses when rapid-hardening Portland cement is used, although 
from a comparison of ultimate concrete strengths at 28-days higher results are 
often obtained than with normal-hardening Portland cement concretes. Since 
the atmospheric temperature during the initial hardening stages and the fineness 
of the sand may have appreciable effects on the strengths obtained by rapid¬ 
hardening Portland cement concretes, it is not advisable to adopt higher working 
stresses unless frequent periodical tests are made on site-made cubes. Subject 
to such tests and given suitably coarse sands and moderate temperatures, there 
is some justification for higher stresses since there is less risk of damage due to 
overstressing by incidental loading during the first few weeks after placing the 
concrete. Since i cu. ft. of rapid-hardening Portland cement usually weighs 
less than an equal volume of normal cement, it is imperative that the former 
cement should always be proportioned by weight, otherwise the quantity of 
cement in the mix may not only be uncertain but insufficient. 

Similarly with high-alumina cement concretes, the tests results of which 
exhibit higher strengths than normal-hardening Portland cement concretes, 
higher working stresses may be permitted if a suitably hard aggregate is used, 
but any excess beyond normal values should only be considered if tests are made 
on the actual materials used. 

Bearing on Plain Concrete.—Plain concrete mixed in leaner proportions 
than 1:2:4 are used for filling under foundations and for piers, walls, etc. 
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Suitable working stresses for direct compression are given on Table No. 23 and 
conform generally to the London By-laws. 

Modifications to Specified Stresses. —The working stresses tabulated on 
Table No 23 and the values specified in regulations must always be related to the 
method of computing the landing moments and forces to which the member 
is subjected. These stresses must necessarily be reduced if certain departures 
are made from the prescribed method of stress calculation, load assessment, or 
bending moment computation. 

The working stresses should be reduced when any of the following con¬ 
ditions prevail: 

(а) If tests on laboratory-made cubes made with the best available aggregates 
give results lower than 4-5 times the compressive stress in bending, the working 
stresses should be reduced to two-ninths of the ultimate strength and a further 
reduction should be made if tests on site-made cubes do not show a corresponding 
factor of safety of three. 

(б) When the work is to be constructed by inexperienced men and organisa¬ 
tions and where expert whole-time supervision is unavailable. 

(c) When the calculations are only approximate or when the maximum 
loading is uncertain. In preliminary schemes secondary effects, such as tem¬ 
perature stresses in chimney shafts or torsional stresses on beams, may be 
omitted and a reduced working stress used. It is oreferable, however, when 
preparing working drawing calculations to take account of these factors and adopt 
normal stresses. 

(d) Slender column design requires stresses less than normal values (see 
Chapter XIII). 

(e) When the structure is subject to vibration or impact the normal stresses 
should be reduced unless an allowance for these effects has been made in,the 
assumed magnitude of the live loading (see Chapter II). 

(/) If the maximum loading can occur before the concrete has obtained 
sufficient ultimate strength to ensure a factor of safety of four on the stresses 
due to the combined dead and live loads. 

(g) If all the load is dead load the stresses should be reduced, unless means 
can be taken (for example, by introducing temporary supports) to prevent the 
full load acting on the structure until three months after completion. 

(A) When the work is difficult to construct and concrete is to be deposited 
under water, in underpinning, or in similar difficult positions. 

Under more favourable conditions reasons may exist for increasing the 
working stresses, although the 28-day ultimate strength with a factor of safety 
of three should invariably be adopted as a guide. Among such conditions are 
the following: 

(a) When specially designed concrete mixes are used with the object of 
obtaining a high-stren^h concrete for special structures such as long-span arches. 

(b) If the moments and forces are precisely determined in accordance with 
the elastic theory and the loading is accurately known and other requirements 
of Special-Grade concretes are complied with, an increase up to 25 per cent, of 
the Quality A stresses can be adopted subject to satisfactory test results. 

(c) Certain methods of design for columns with helically bound cores allow 
increa^ stresses on the core. 
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[d) If extreme or infrequent live loading is designed for, stresses for these 
loads can be increased at the designer's discretion, but the stresses due to the 
dead load alone should not exceed normal values. No adjustment under 
this heading should be made if an allowance has already been made under 
heading (6). 

(e) When the calculated stresses include those due to the bending moments 
and forces caused by wind pressures on buildings, the stresses either for ordinary 
or Quality A concrete can be increased by 33J per cent. If this increase, which 
is permitted by the London By-laws, is made, the designer should assure himself 
that without wind the normal working stresses are not exceeded. This increase 
should not be made when designing chimney shafts, water towers, or similar 
structures in which the effects of wind pressure are a predominating factor in 
the design. 

In adopting the foregoing reductions or increases much has to be left to 
the judgment of the designer, the consideration of the conditions peculiar to 
the given structure, and the requirements of the controlling authorities. 



CHAPTER X 


REINFORCEMENT 

1 .—Material. 

Reinforcement is most commonly plai*^ round mild steel bars conforming to 
B.S. No. 785 (1938). Included jn the same specification, but less frequently 
used, are medium and high-tensile steels. The latter exhibits a higher yield point 
than mild steel by virtue of the increased carbon content. High-yield stress 
steels in common use include cold-worked bars embraced by B.S. No. 1144 (single 
twisted square bars and twin-twisted round bars) and cold-drawn mild steel wire 
(B.S. No. 785). The latter material, expanded metal (B.S. No. 405), and small- 
gauge twisted square bars are normally supphed in the form of diamond, oblong or 
square mesh fabrics for road and slab reinforcement. Where available, and con¬ 
venient to use, old rails, disused wire ropes, and lignt structural steel sections 
are occasionally embedded in concrete as reinforcement. 

2 .—Working Stresses. 

Tension. —For rolled mild steel having an ultimate strength of 28 tons 
to 33 tons per square inch the safe working stress in tension can be taken as 
18,000 lb. per square inch for ordinary building work, bunkers, etc. For bridge 
construction under the Ministry of Transport the maximum permissible stress 
is 16,000 lb. per square inch. For impermeable construction the maximum 
tensile stress should be limited to 12,000 lb. per square inch when the concrete 
is ignored (see Chapter VII). The limiting stresses for diagonal tension due to 
shear are discussed in Chapter XII. 

Since the yield point of rolled mild steel is about 32,000 to 36,000 lb. per 
square inch, a working stress of 18,000 lb. per square inch represents a factor 
of safety of two on the yield-point stress, and this factor is the true measure 
of the margin of security. For high-yield-point steel the maximum working 
tensile stress permitted is usually 50 per cent, of the yield-point stress, with a 
limit of 27,000 lb. per square inch. 

Some steels of foreign ongin do not always comply with the British vStandard 
Specification, and when these are used the designer should decide whether the 
nature of the structure justifies a stress equal to a quarter of the ultimate strength 
or equal to half the yield-point stress. 

The requirements of the London By-laws and the Code of Practice are that 
a maximum tensile stress of 18,000 lb. per square inch should be adopted for 
ordinary mild steel in buildings. For high yield-point steel the London By-laws 
accept a working stress of one-half the yield-point stress with a maximum of 
27,000 lb. per square inch, but the Code of Practice limits the tensile stress to 
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0*45 times the yield-point stress (up to a limit of 25,000 lb. per square inch) as 
long as the total area of the tension steel does not exceed i per cent, of the 
effective area of the slab. 

When deciding on a suitable tensile working stress for reinforcement in any 
particular part of the structure the modifying factors given in Chapter IX should 
be considered. Factors representing a variation in the ultimate strength of the 
concrete only cannot be regarded as operative when considering the steel stresses. 

In impermeable construction, where cracking is to be avoided, there is no 
advantage, as far as tensile stress is concerned, in using high yield-point steel, 
since the stress of 12,000 lb. per square inch already mentioned should not be 
exceeded. Reinforcement on the faces of ribs remote from the liquid face can, 
however, be stressed to 16,000 lb. per square inch, and a similar stress can be 
adopted for tanks if the container is lined with an impermeable membrane 
which is sufficiently elastic to give with the strained concrete. 

The working tensile stress on ordinary mild steel in building works can be 
increased by one-third when the increase is due solely to increased moments, 
etc., caused by wind pressure. 

Compression.—The compressive stress to which reinforcement is subjected 
is controlled by the compressive stress in the surrounding concrete. Since the 
strain in the two materials is equal so long as the bond is not destroyed, the 
stresses will be proportional to the elastic moduli. Mild steel has an elastic 
modulus of 30,000,000 lb, per square inch, and with a modulus for concrete of 
2,000,000 lb. per square inch, the compressive stress in the steel would be fifteen 
times that in the concrete, or generally 
= me 

where = the compressive stress in steel 

(See Table No. 23 (page 263) and 
m == the modular ratio = ^ JX) / 

and c = compressive stress in the concrete. 

In practical calculations it is more convenient to calculate the additional 
compressive resistance due to the steel; this is c{m — where is the 
area of compressive reinforcement. When this expression is used the resistance 
of the concrete must be calculated on the gross sectional area, no deductions being 
made for the reduction in concrete area to allow for the area occupied by the steel. 

When the moment of resistance of a beam section is calculated on the 
steel-beam theory (see Chapter XI) the stress in the compression reinforcement 
is taken as equal to that in the tensile reinforcement, that is, generally 18,000 lb. 
per square inch. 

For high yield stress steel the maximum compressive stress is usually specified 
as four-tenths of the yield stress. 

3.—Adhesion. 

Bond Length.—For a reinforcing bar efficiently to resist the tensile forces 
it must be adequately anchored in the concrete. There must be sufficient length 
of bar beyond any particular section to develop by adhesion between the steel 
and the concrete a bond force equal to the total tensile force in the bar at that 
section. The normal safe adhesion stress between 1:2:4 concrete and plain 
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round steel bars is usually taken as 100 lb. per square inch. Thus, a bar stressed 
to 18,000 lb. per square inch requires a kngth of 45 times its diameter, and for 
other stresses the bond length is in proportion. More generally, each 2,000 lb. 
per square inch of tensile stress requires five diameters of straight bar to provide 
sufficient adhesion exclusive of any end anchorage. 

Anchorage of Tehsion Bars.—At the end of the net length of bar required 
for adhesion it is usual to provide an anchorage. This may be an additional 
length of straight bar, a properly formed semi-circular hook, a 6o-deg. or 90-deg. 
bend, or some form of mechanical anchorage. In order to take advantage of 
the anchorage value of hooks and bends it is important that they shall be 
properly formed ; suitable dimensions are given on Table No. 24 (page 265). 

With a semi-circular hook no additi ,nal straight length of bar is required, 
but with a 60-deg. bend an additional straight length of five diameters should be 
provided and, with a 90-deg. bend, an additional length of ten diameters. In 
the absence of a hook or bend, an additional straight length of fourteen diameters 
should be provided. 

The minimum lengths for these different types of anchorage are given on 
Table No. 24 in terms of bar diameters for various tensile stresses; it should be 
remembered that the adhesion length must be measured from the point where 
the bar commences to deviate from the straight. The minimum stress tabulated 
is 10,000 lb. per square inch and, although the maximum working stress in a bar 
may be less than this, it is recommended that in no case should a less anchorage 
length be provided than is required by this stress. For straight bars forty 
diameters should be the minimum, 

A mechanical anchorage can be either in the form of a hook embracing a 
lateral bar, the internal diameter of the hook being equal to the diameter of the 
anchor bar, or the end of the reinforcing bar can be threaded and provided with 
a plate and nut. The minimum size of the plate should be such that the com¬ 
pression on the concrete at, say 600 lb. per square inch of net area of contact 
(that is, gross area of plate less the area of bar) should be equivalent to the 
bond resistance on a bar 14 diameters in length. This type of anchorage can 
also be provided on a bar where it is not possible to obtain the full bond length 
required by the working stress, in which case the plate should be of such a size 
that it makes up the difference in the net bond length and end anchorage. 

The foregoing discussion and the anchorage lengths given on Table No. 24 
apply to a permissible bond stress of 100 lb. per square inch which may be us3d 
with an ordinary quality 1:2:4 concrete. Values are also given for Quality A 
concrete of 1:2:4 mix, for which the bond stress is 120 lb. per square inch. 
If a stronger concrete is used the bond stress can be increased accordingly (see 
Table No. 23), and the net bond length thereby reduced. This length can be 
determined from the expression 





where N — the number of bar diameters in the length 

t = the tensile- stress in the bar at the section considered (lb. per 
square inch) 

= the maximum permissible bond stress (lb. per square inch). 
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The bond length obtained from this expression is sufficient if a semi-circular 
hook is provided, but the additional lengths of 5 diameters (with a 60-deg. bend), 
10 diameters (with a 90-deg. bend), and 14 diameters (with no hook or bend) 
previously mentioned still apply. 

For impermeable construction with a i : i§ : Quality A concrete the 

bond length should be based on a stress of 100 lb. per square inch. The adhesion 
length with various anchorages given for 12,000 lb. per square inch and 1:2:4 
ordinary concrete on Table No. 24 would therefore apply to impermeable con¬ 
struction using the richer mix. A semi-circular hook is the best anchorage for 
all bars in direct tension, both in impermeable construction and in such cases 
as hanging columns, etc. In slab reinforcement hooks can generally be omitted 
and straight anchorage lengths provided, but for any bar stopping in the tension 
area of a beam or similar member some form of hook or bend is preferable. 

It is generally allowed that the anchorage length of the top portion of a bent- 
up shear bar can be measured from the point where the bar intersects the neutral 
plane. 

Bond Length for Compression Reinforcement. —Where a bar is in 

compression, as in a column or in the compression side of a beam, a straight 
anchorage length equal to 24 diameters is usually considered sufficient, although 
where the bar can be subjected to cither tension or compression, anchorage 
should be provided for the maximum stress. In impermeable construction a 
straight length of 30 diameters is recommended for compression bond lengths. 

A compression bond length of bar need not be hooked, but some form of 
turned end is desirable if the end of the bar is near an outer end face of the 
member. 

Bond in Beam Reinforcement. —The bond stress resulting from variation 
in the tensile stress in beams should be investigated. This bond stress is given 
by the formuhe 

i 7 fan a 
a 


where S ~ maximum shear force at the section under consideration (lb.) 
a ~ lever arm (in.) 

0 -= total perimeter of the tension bars at the section (in.) 

M ~ bending moment (in.-lb.) 
d “ effective depth (in.) 

a ~ angle between top and bottom edges of the beam at the section 
considered. 

The positive sign applies when the bending moment decreases with the 
increase in d (as at the haunches at the ends of freely supported beams). The 
negative sigp applies when the bending moment increases with the increase in d 
(as at haunches adjacent to the interior supports of continuous beams). 

When the beam is of equal depth throughout, or the top and bottom edges 
are parallel, the^expression reduces to 
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The permissible value of is usually twice the permissible bond stress for 
adhesion, that is, for a 1:2:4 ordinary quality concrete the allowable beam 
bend stress would be 200 lb. per square inch. 

Values of bar perimeters are given on Table No. 25 (page 267). 


4 .—Detailing Reinforcement. 

Lengths and Sizes of Bars. —Careful attention paid to a number of points 
regarding lengths, sizes, etc., of reinforcing bars is repaid by saving due to ease 
of fabrication of the bars on the site and by a general rise in the efficiency of 
construction and design. To this end as few different sizes of bars as possible 
should be used in any structure or part of a structure, and the largest diameter 
bars consistent with non-excessive spacing should be used, thus reducing the 
number of bars to be bent and placed. Also it should be borne in mind that 
large-diameter bars are cheaper than small. The basic rate is usually quoted 
for |-in. diameter bars, all larger bars being supplied at this rate, while smaller 
bars cost more for each J in. of diameter below f in. diameter. 

Generally the longest bar economically obtainable should be used, but due 
regard should be paid to the facility with which a long bar can be transported 
to the site and placed in any particular member. 'Consideration should also be 
given to the maximum length that can be handled without being too “ whippy.*' 
Such maximum lengths are ol the order of 20 ft. for bars in. diameter and 
less, 25 ft. from in. to | in., 40 ft. for f in. diameter, 60 ft. for i in. diameter, 
and 75 ft. for bars over in. diameter. 

When proposing to use long bars it must be remembered that the basic 
rate only applies to bars up to 40 ft. long and an extra that may amount to is. 
per ton for every foot over 40 ft. is charged, although bars up to J in. diameter 
can be obtained in long length roils at normal rates and sometimes lower. Above 
certain lengths it is more economical to lap two bars than to buy long bars, the 
extra cost of the increase in total length of bars due to overlapping being more 
than offset by the alternative increased tonnage charge for long lengths. Long 
bars cannot always be avoided when reinforcing long piles, but bars over 24 ft. 
and more especially over 40 ft. require special railway wagons, involving transport 
delays and often additional freight charges. 

Bending Schedules.— The careful preparation of bending schedules can 
result in economies in construction and in material supply. The total length 
of each bar should for preference be given to a multiple of 3 in. and as many 
bars as possible should be of one length, ilius keeping the number of different 
lengths of bars as low as possible. 

The method of giving bending dimensions and marking up bars should be 
uniform throughout a given structure. A well-tried system of standard bending 
dimensions is illustrated on Table No. 24. 

Cover of Concrete. —For prop^^r protection of the reinforcement and in 
order to ensure that the thickness of concrete around a bar is adequate to develop 
adhesion, it is necessary to provide sufficient cover of concrete over the bars and 
the minimum space between adjacent bars. Ihe minimum cover of concrete 
around a reinforcing bar should be in accordance with the following schedule : 
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Slabs: | in. minimum and not less than the 

diameter of the bar. 

Beams: i in. minimum and not less than the 

diameter of the bar for top or bottom 
cover to main bars. 

I in. minimum for binders. 

1 in, side cover irrespective of diameter of 

the bar. 

2 in. end cover over main longitudinal bars. 

Columns: i in. minimum for main bars in columns 

less than 12 in. square, 
in. minimum for main bars in columns 
12 in. square or over. 

J in. minimum for binders. 

Piles: if in. minimum to main bars. 

Sea Work: in. to 2 in. over main bars. 

Impermeable Construction : i in. and not less than the diameter of the 

bar with i: if : 3J concrete. 

if in. and not less than the diameter of the 
bar with 1:2:4 concrete. 

Foundations : if in. where concrete is in contact with earth. 

Retaining Walls : J in. and not less than the diameter of bar 

on earth face. 

The minimum clear distance between the bars in any one layer in beams 
should be not less than the diameter of the bar or i in. (or maximum size of 
the aggregate plus f-in.), whichever is the greater. The minimum clear distance 
between successive layers of beam bars should be f in. and this distance should 
be maintained by the provision of f-in. diameter spacer bars placed every three 
or four feet throughout the length of the beam wherever two or more layers of 
reinforcement occur. Where the bars from transverse beams thread between 
the layers, special spacer bars are of course neither necessary nor effective. If 
the beam bars exceed i in. in diameter, it is preferable to increase the clear space 
between layers to f in. 

5.—Steel Areas and Weights. 

The following data with reference to the areas and weights of round mild 
steel bars from ^ in, to if in, diameter are given on Tables Nos. 25 (page 267) 
and 25A (page 266) and 26 (page 269) : 

(a) Cross-sectional area of any number of bars up to 20 (sq. in.). 

[h) Cross-sectional area per foot width for bars spaced at 3-in. to 24-in. 
centres (sq. in.). 

(c) Weight per foot of each size of bar (lb.). 

(d) Length of each bar in one ton weight (ft.). 

(e) Weights of any number of bars one foot in length (lb.). 

(/) Weight per square yard for bars at different spacings (lb.). 

In Chapter XV are given a number of methods of estimating and calculating 
the weights of reinforcement. 
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BEAMS AND SLABS 

1 .—Rectangular Sections. 

Reinforced in Tension only. —The Sasis of design of structural members 
subject to flexure is that the internal resisting couple shall be equal to the bending 
moment produced by the externally applied load. For members of reinforced 
concrete it is assumed that the strain at any point in a section is proportional 
to the distance of the point from the neutral axis, and that the tensile resistance 
of the concrete below the neutral axis is neglected. From these fundamental 
relations the general formulae given below can be deduced. Referring to Fig. 37(a) 
the notation adopted is as follows, all units being in pounds and inches: 

c = maximum compressive stress on the concrete, 
t = maximum tensile stress on the steel, 
h = breadth of beam, 
d = effective depth of beam or slab, 

D = total depth of beam or slab, 
n = depth of neutral axis = n^d, 
a = lever arm of section == Uid, 

= area of tensile reinforcement, 

t 

r = ratio of maximum stresses = -, 

c 

m — modular ratio, 

T = total tension — A ji, 

C — total compression = O’^bnc, 

M = external bending moment, 

R.M. — safe resistance moment of a section, and 

p = percentage of tensile reinforcement — 

The neutral axis factor expressed in terms of the stress ratio is given by 


and in terms of the percentage of steel by 

== V {o'OimpY + O'ozmp — o-oimp. 

The lever arm factor in relation to the depth of the neutral axis is 


a, = I — 
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(a) RECTANGULAR (b) RECTANGULAR SECTION 
SECTION REINf=ORCED REINFORCED IN TENSION AND 
IN TENSION ONLV COMPRESSION 



TtE SEAM ELL BEAM 


C^) FLANGED 5EAMS 

Fig. 37.—Rectangular and Flanged Beams. 

The internal resisting couple ~ Ta ~ Ca ~ R.M., which should not be less 
than the applied bending moment: 

R.M, — AjiUyd 

or == O'^hn^ca^d^ ~ Qhd'^ 
where Q = o*5»icai. 

Tabulated Factors.—Much arithmetical labour can be saved by the use 
of tables giving the relative values of the factors involved in the design of beams 
and slabs, and to this end Tables Nos. 27 to 32 (pages 271 to 281) inclusive have 
been compiled. Thus Table No. 27 gives values of a^, and p for various 
values of r together with values of Q for concrete stresses from 500 to 1,000 lb. 
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per square inch and for steel stresses from 12,000 to 22,400 lb. per square inch 
with nt = 15. On Tables Nos. 28 and 20 the resistance moments of a range of 
rectangular beams i in. wide for ^"arious combinations of maximum stresses are 
given, and Table No. 31 is a similar table for slabs 12 in. wide. 

Table No 30 is also applicable to slabs and gives factors that when combined 
with the applied bending moment give the requisite depth of slab and the amount 
of reinforcement necessary. Miscellaneous data relative to the proportions, etc., 
of rectangular beams and tee beams are included on Table No. 32. On this table 
also are data for determining the points along a beam at which bars can be 
stopped off or bent up consistent with providing adequate tensile resistance to 
bending. 

Proportions of Beams. -Apart from considerations of shear (see next 
chapter) the dimensions of a rectangular oeam should be in accordance with the 
following rule : the effective depth should not be less than one>twentieth of the 
span when the maximum stress is 16,000 lb. per square inch in the tensile rein¬ 
forcement, With tensile stresses of more or less than 16,000 in the steel, the 
minimum effective depth should be increased or decreased to a value represented 
by 

span^j^ Table No. 32). 

320,000 

A good working rule is that the total depth of a rectangular or tee beam 
in inches should be equal to the clear span in feet. The breadth of rectangular 
beams and the breadth of the web of tee beams usually vary from one-third to 
once the total depth ; for rectangular beams in building work, an average figure 
is one-half to two-thirds of the total depth, while in industrial structures beams 
having proportions of breadth to depth of | to ^ are often convenient. The 
lower ratio in each case would apply principally to tee-beams. Much, however, 
depends upon the particular circumstances controlling a given design, more 
especially such factors as headroom and the area required for shear. The breadth 
of beams should also be determined to conform with commercial widths of 
timber, and therefore 4 in., 5 in., 7 in., 8 in., and ii in., or widths made up by 
combining these values, should be employed wherever possible, although in 
buildings, the widths may have to comply with the thicknesses of brick walls, 
i.e. 9 in., 13^ in. or 18 in. The width should also bear a relation to the span of 
the beam, and the ratio of the length between lateral supjx)rts of a beam to the 
breadth of the compression flange should not be more than 

' calculated compressive stress 
permissible compressive stress 

Design of Rectangular Beams. —The various processes of stress deter¬ 
mination and design are as follows: 




To Design a Section for a given Bending Moment and for 

GIVEN Stresses. 

Method (a).—For the given stresses find Q from Table No. 27 and find bd^ 
M 

from —. Select suitable values of b and d (possibly from consideration of shear) 
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to give the required value of W*. For the ratio of the given stresses find Ui 
from Table No. 27 and the amount of tensile steel required from 


A jt — 


a^dt 


Method (6).—If the stresses correspond with those for which Tables Nos. 28 
and 29 are prepared, select a suitable effective depth and read off from Table 
No. 28 or 29 the resistance moment corresponding to this depth. The applied 
bending moment divided by this resistance moment gives the breadth of beam 
required. If the relative values of d and h thus derived are unsuitable, select 
another value of d and repeat. From the same table read off the area of steel 
for the appropriate value of d and multiply this area by b to give Aj,, 


To Determine the Stresses on a given Section subject to a 
GIVEN Bending Moment. 

Determine^ for the given section and from Table No. 27 find the corresponding 
values of ai and r. Then the maximum stresses are 


a^^dA 

and c — L 
r 


To Determine the Resistance Moment of a given Section with given 

Maximum Stresses. 

Determine p, and from Table No. 27 find the corresponding values of 
and «i. The resistance moment based on the steel is given by Ajia^d^, and based 

on the concrete by The maximum safe resistance moment of the 

2 

section is then the smaller of the two calculated resistances. 


2 .—Beams with Compressive Reinforcement. 

Concrete not Neglected.—When neither sufficient depth nor breadth can 
be obtained to provide sufficient concrete compressive resistance in a section, 
compressive reinforcement has to be provided. The provision of this extra 
reinforcement does not generally lead to economy, although a certain amount 
of concrete is saved thereby, but in some cases, such as support sections of con¬ 
tinuous beams, convenience of steel arrangement allows double reinforcement to 
be provided cheaply. 

The moment of resistance of a section doubly reinforced is the sum of the 
moments of resistance of the concrete and compression steel. The concrete 
resistance moment would be calculated as for singly-reinforced beams, and the 
steel resistance moment will equal A^f^a^, 

where Aq = area of compressive reinforcement 

= equivalent stress in the compressive reinforcement 
a, = distance from centroid of tension steel to centroid of 
compressive steel. 



BEAMS AND SLABS 


If / is the distance from the compressed edge of the section to the centroid 
of the compression steel {see Fig. 37 (b)), then 

a, = d-/ 




'Fhe method of designing a rectangular section with given maximum stresses 
and limiting values of b and d, to take a specified bending moment, is as follows ; 
Find Q from Table No. 27 for the appropriate maximum stresses, and find from 
the same table the value of tii for the stress ratio. Then the required moment 
of resistance of the compression steel is given by Rg = M — Qbd\ Determine 
n = Hid and evaluate and /. from the formulae already given and substitute in 

A 

f<F, 

to find the area of compression steel required. Next evaluate the resultant lever 
arm from 


^c/c + o-Sbftc 


or, approximately, 


_ g, 4- aid 


in which aid is the lever arm corresponding to the appropriate value of that is, 

fii 

ai~i 

and find the area of tensile steel required from 

a,t 

If is greater than binders should be provided at a spacing not exceeding 
twelve times the diameter of the compression bars. 

The limit of the rational application of this method of calculation is when 

M 

Aq ~ and for this condition the value of ^ ~ and the corresponding 

percentage [p) of reinforcement (A^ or Aj,) are as follows : 


Steel stress 

1 Concrete stress 

m 1 


0 

i 


(Tension) 

(Compression) | 

Q 

P 

1 

Q 

i 

P 

16,000 

- . . _j. 

600 

15 

95 

0*67 

155 1 

i-oo 

18,000 

750 i 

15 1 

126 

o-8o 

226 

I 1*42 

18,000 

750 i 

17.8 , 

137 

089 

315 j 

2-00 

18,000 1 

1 

950 

15 

179 

i*i6 

_1 

434 j 

275 


“ Steel-Beam Theory.”—If Aj, is less than A^ the '' steel-beam theory " 
(see later) can be applied and both Aj, and A^y should be proportioned thus: 

. M 


When this method is adopted binders should be provided at spacings not 
exceeding 8 times the diameter of the compression bars. 
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Some engineers are not in favour of the indiscriminate application of the 
“ steel-beam theory ” to reinforced concrete sections, and at first sight it would 
seem that a beam of any size can be designed to resist almost any bending moment 
irrespective of the compressive stress in the concrete. In fact with a theoretical 
steel stress of 18,000 lb. per square inch the maximum fibre stress in the concrete, 
in accordance with the usual assumptions, exceeds 1,200 lb. per square inch, 
and, although this gives a factor of safety of at about two on the ultimate strength 
of average concretes, there is little margin for such factors as accidental over¬ 
loading, differences between theoretical and actual moments and stresses, poor 
workmanship, etc., such factors being those usually covered by the generally 
accepted factor of safety of four. Automatic partial safeguards against unreason¬ 
able use of the steel-beam theory ” include the provision of sufficient concrete 
area for shear, the available space for the number of top and bottom bars required, 
and the reduction of lever arm consequent upon large numbers requiring more 
than one layer. 

In cases where excessively high stressing of the concrete is particularly 
undesirable, a rational compromise is to provide a section with equal tensile 
and compressive reinforcement, the area of which is determined so as to limit 
the concrete stress to 25 to 33J per cent, above the normal maximum working 
stress. Thus for a beam normally designed for 16,000 and 600, sections requiring 
in excess of . 4 ^, to maintain the stresses within these limits could be designed 
with A(j ™ Aj, and the concrete stress not exceeding, say, 800 lb. per square 
inch. For normal stresses of 18,000 and 750 the increased concrete stress might 
be 950 lb. per square inch. On Tables Nos. 28 and 29 the resistance moments 
and area of steel per inch width (with ^ j) for the normal stresses of 16,000 
and 600 and 18,000 and 750, and for increased stresses of 16,000 and 800 and 
18,000 and 950, are tabulated, from which suitable beam sections to resist given 
moments can be conveniently selected. It will be observed that 18,000 and 750 
are the London By-law stresses for i : 2 : 4 ordinary concrete in buildings, while 
18,000 and 950 are the stresses for Quality A 1:2:4 concrete. 


3 .—Design of Slabs. 

Resistance of Slabs. —It is usual to design slabs for a strip one foot in 
width ; hence a slab is equivalent to a rectangular beam with b 12 in., with 
the bending moment expressed per foot width. In general the formulie developed 
for rectangular beams apply also to slabs, but they can be modified to facilitate 
computation ; for example, the effective depth required 

=:d = k.VM 

and the area of steel == Aj, = k^VM, 

Values of and ^2 ^^re given on Table No. 30 for various stresses, and when 
using these values it should be remembered that M should in this instance be 
in foot pounds. The method of using this table is to find the value of ki for 
the given permissible stresses and find the effective depth from the formula already 
given. If this depth is adopted then the value of applicable to the permissible 
stresses should be used to determine the area of reinforcement required per foot 
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width of slab. If any depth greater than that determined as before is adopted, 
find the value of 

, _ effective depth adopted 

Vm 

and with the given steel stress find the corresponding value of This is the 
value that should be multiplied by V M to give If any depth less than that 
first calculated is adopted, find the value of 

b _ effective depth adopted 
— — 

v"M 

and with the given concrete stress find the corresponding value of which 
should then be multiplied by VM to find the required steel area. 

It is not common to reinforce slabs in compression unless a convenient 
arrangement of reinforcement is obtained thereby, but where it is necessary to 
do so the method of calculation would be identical with that for rectangular 
beams, and links should be provided to prevent the compression bars from 
buckling. 

When the maximum prescribed stresses are 18,000 and 750 (ordinary building 
work) or 12,000 and 880 (impermeable construction) or in the same ratio as either 
of these pairs of stresses, suitable sections can be rec^dily selected from Table 
No. 31, which gives the moments of resistance of slabs 12 in. wide without com¬ 
pression steel. 

Slab Details.— Alternative arrangements of slab reinforcement arc illustrated 
in Fig. 38, normal floors being in accordance with the detail at (a). Where the 
live load is so large compared with the dead load that reinforcement against 
negative bending moments are required, the detail at {h) is suitable. 

Independently of the amount of tensile reinforcement required by calculation 
to resist the bending moment, the area of steel should not be less than o-j per 
cent, of the effective concrete section, and slabs spanning in one direction are 
normally provided with distribution steel placed at right angles to the main 
steel. The Code recommends that the area of such distribution steel should not 
be less than 20 per cent, of the area of the main steel ; the London By-laws 
require 10 per cent. ; for bridge deck slabs, the Ministry of Transport requires 
the amounts shown in Fig. i (p. 14). Attention is drawn to the fact that fabricated 
meshes do not always have sufficient cross wires to provide the specified amount 
of distribution bars and the deficiency has to be made up by an additional sheet 
or by wiring loose bars to the main fabric reinforcement. 

For slabs designed with reinforcement in two directions the reinforcement 
spanning across the shorter equivalent span should be placed at midspan under, 
and at the supports, over the reinforcement lying normal to it. 

Shear reinforcement is not usually necessary in slabs, and generally shear 
need not be considered unless the load exceeds one ton per square foot. 

Although slabs as thin as 2J in. can be satisfactorily constructed given a 
rich mix and constructional care, for general work 3 in. should be considered as 
the minimum thickness. The minimum effective depth of the slab should not be 
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less than one-twentieth of the span for a slab reinforced in one direction, nor 
less than one-thirtieth of the span for slabs designed to span in two directions. 

Where slabs span in one direction, there will generally be a negative bending 
moment over any main beams or ribs running parallel to the span of the slab. 
Thus reinforcement in the top of the slab and normal to the main reinforcement 
wiU be required. In the absence of precise calculations of the quantity of steel 
required for this purpose, reinforcement equal in area to 0 3 per cent, of the 
total cross-sectional area of the slab should be inserted. As this reinforcement 
is in the nature of principal reinforcement it should be spaced at centres not 
exceeding twice the effective depth. The lengths of the bars should be such 
that they extend on each side of the beam an average distance of about six times 



Fig. 38.—Typical Slab Details. 


the slab thickness, and the ends of the bars should be staggered, 
slab the area of reinforcement required would be 


0*3 X 5 X 12 


= 0’i8 sq. in. 


Thus in a 5-in, 


with spacing not exceeding 2 x 4-25 = in. Three-eighth inch bars at y-in. 
centres are suitable, and if the beam is 8 in. wide the average length of the bars 
would be 

8 -f (2 X 6 X 5) = 5 ft. 8 in. 

Such reinforcement is also sufficient as flange reinforcement for tee- and 
ell-beams. 


4.—Flanged Beams. 

Proportions. —Where beams are constructed monolithic with a slab, the 
slab can be considered as forming the compression flange of the beam sq long as 
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the moment is such as to jMToduce compression on the face of the beam nearer 
the slab. The treatment of such beams is similar to that for rectangular beams, 
there being, however, two cases to consider: 

(a) When the neutral axis falls within the slab. 

(b) When the neutral axis falls below the slab. 

Referring to Fig. 37(c) the additional notation is 

= total depth of slab 
6, = effective breadth of flange. 

The breadth of slab forming the effective flange of the beam should not 
exceed the least of the following: 

(а) The distance between centres of adjacent beams, or the extreme 

width of the available slab. 

(б) One-third the span of the beam. 

(c) Twelve times the thickness of the slab plus the width of the rib 

of the beam. 

If the slab only extends on one side of the rib and the effective section is 
an ell section instead of a tee section, the allowable width of the flange should 
not be greater than that given in (a) or (b), nor greater than four times the slab 
thickness plus the rib breadth. 

The depth of the rib is determined by the effect./e depth required and is 
controlled by the same considerations as hold good for rectangular beams. The 
breadth of the rib is usually controlled by the area required for shear (see next 
Chapter) but consideration should also be given to the accommodation of the 
steel; unless circumstances dictate otherwise a rough rule for determining the 
minimum rib breadth in inches is 2^ times the number of bars in one layer. 

Design. —When the neutral axis falls within the slab thickness the design 
of a tee or ell beam is identical with the design of a rectangular beam in which 
6, is substituted for b. 

When conditions are such that the neutral axis falls below the slab—that 
is, when n > —it is usual to neglect the small amount of compressive resist¬ 

ance afforded by the concrete lying between the neutral axis and the underside 
of the slab, and the lever arm is considered as 



This is only approximately correct, but the approximation is on the safe side. 

The moment of resistance to compression is given by o-^hd^ca approximately, 
although if d^ is very much less than n it is more economical to take the less 
approximate value of b^d^c^a, where c, is equal to the mean stress in the slab and 
is given by 



The moment of resistance to tension is given by Aj,ta, or the area of reinforce¬ 
ment required is found from 


M 
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It is not common for tee-beams to require compression reinforcement, but 
where this is unavoidable the same principles will apply as for rectangular 
beams. 

Typical details of the arrangement of reinforcement in beams and slabs 
and the method of designing a floor panel, beam and slab construction, are given 
in the “ Additional Examples " following Table No. 40 (page 3 ^^)* 


5 .—Plastic Theory. 

Study has recently been given to the analysis of reinforced concrete sections 
on a basis other than the conventional theory considered in this chapter. The 
alternative methods are variously described as plastic theories, or balanced 
design, or the failure-load method, the principle being that failure occurs when 
the concrete attains its ultimate compressive strength simultaneously with steel 
reaching its yield stress. The modular ratio is thereby not involved, and the 
working load is assessed by applying an appropriate factor of safety to the calcu¬ 
lated ultimate load or resistance moment. The method is applicable to columns 
with concentric or eccentric load (see pages 175 and 189), while the formulae 
given below apply to beams, and have been modified by the author to embody 
terms familiar in British practice and in certain other respects. The notation is 
as used elsewhere in this chapter with the following additions : 

M(j ultimate resistance moment (in, lb.) 
c^^ ultimate 28-day strength of 6-in. concrete cubes (lb. per square inch) 
ty yi'^ld stress of reinforcement (lb. per square inch). 


Rectangular beams : 

If compression controls : Mu - c„| 0*4^2 -f A, 




(«) 


Tension controls if Ar < p|^o-54W + -‘lo(^ — ijj, in which case 

Me = cj^d^d,{i - || + ^^(i^ - ijj . ib) 

where rf, . 


Tee beams ; If < 0*54^^ use formula (a) or {b) ; otherwise (c) or {d) apply : 


If 


compression controls \ Mu ~ 



[c) 


Tension controls if 


At <i bgdgj, in which case 


Mr 


Art. 









CHAPTER XII 


SHEAR AND TORSION 


-Shear Resistance. 


Shear Stresses. —The shear force on a member subjected to bending moment 
produces diagonal tensile stresses in the concrete and, if the stresses exceed the 
safe tensile stress on the concrete, reinforcement should be })rovided either in 
the form of diagonal bars or binders to augment the shear resistance of the 
section. 

The shear stress on a section is determined from the cx])ression 

di “T ^ 

a 

^ = fa 

where S = the total shear force across the section (lb.) 

a = the lever arm (in.) 

h = the breadth of a rectangular beam or the breadth of the 
rib of a flange beam (in.) 

M — the bending moment at the section (in,-lb.) 

d = the effective depth (in.) 

a = the angle between the top and bottom edges of the beam. 

The negative sign in the expression applies when the bending moment 
increases with the increase in d, as occurs at haunches adjacent to the interior 
supports of continuous beams. The jwsitive sign applies when the bending 
moment decreases with the increase in d, as occurs at haunches at the ends of a 
freely supported beam. 

When the beam has parallel edges (that is, the usual case of a beam of 
uniform depth) the shear stress on the section is given by the expression 

5 


Without assistance from shear reinforcement the concrete alone can resist 


the total shear when s is not greater than the safe shear stress 




on Table No. 23 (page 263) for the appropriate mix of concrete. The value of 
s may exceed the safe value if reinforcement is provided, and a limit of 0-40 
in which c is the maximum permissible compressive stress on the concrete should 
not be exceeded. In general cases, however, extreme values of s should not 
be used and a limit of s = o*3c is preferable for secondary beams, although the 
higher limit might be used for main beams in structures not of the warehouse 
class or in similar cases where the full design load is probable. 

163 M 
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In general practice it is considered that if the value of s exceeds — the 

concrete must be neglected in calculating the shear resistance of a section. Some 
designers go to the other extreme and, irrespective of the value of s, always 

c 

consider the concrete to be capable of taking — lb. per square inch. Rational 

10 

design would appear to lie between these two extremes and, instead of disre- 

Q 

garding the concrete altogether when s is greater than —, a diminishing effective 

Q 

value should be taken as 5 increases, so that the value of the concrete is — lb. 

10 

c 

per square inch wlien s is equal to — and is zero when 6 ' is equal to or greater 


than C. 'l ]iis method is no doubt reasonable wlien the shear stress on the 

5 

c c 

concrete lies between 5 — — ^ 60 and vS ~ 120 lb. per square inch and the 

10 5 

shear reinforcement is stressed to not more than 12,000 lb. or 14,000 lb. per 
square inch. With the liigher intensities of shear stress now in common use 
and with a stress of 18,000 lb. per square inch on the shear reinforcement, it is 

preferable to take the whole shear on the reinforcement when s exceeds —. 

10 

Shear Value of Binders. —The shear taken by vertical binders is given by 


Ata 

T 


Va 


where A ^ cross-sectional area of binder taking into account the 
number of vertical arms (sq. in.) 
t allowable tensile stress in binders (lb. per sq. in.) 
a -- lever arm of section (in.) 
p ~ pitch or spacing of binders (in.) 

1^ shear value of binders (taking into account the diameter 


of the bars from wliich the binders are made, the allow¬ 


able stress, and the pitch) ~ 


At 

T 


Values of V for t 18,000 lb. per square inch and for various spacings and 
sizes of bar for two-armed binders are given on Table No. 33 (page 283), and the 
shear resistance of any system of binders can be found by multiplying the appro¬ 
priate value of V by the lever arm of a given section. 

In certain cases, such as beams subjected to vibration and impact, the 
stresses in the shear reinforcement should be less than 18,000 lb. per square inch 
and should be of the order of 14,000 lb. per square inch. For such beams, also, 
small diameter binders at close pitches are preferable to larger diameter bars at 
wider spacings. In impermeable construction, the stress in the binders shguld not 
exceed 12,000 lb. per square inch, that is, the values of V arc two-tliirds of 
those tabulated on Table No. 33. 
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The spacing of binders to take any given shear force 5 is given by 



To be effective as shear reinforcement the value of p should not exceed the 
lever arm, and if the calculated value is greater than a the diameter of the binders 
can be reduced until a suitable pitch is attained. Although binders may not 
be required for shear they should always be provided in a beam (except in simple 
lintel beams), and the maximum spacing should not exceed the effective depth. 
The minimum diameter of bar suitable for binders is J in., and bars over j in. 
diameter are usually difficult and costly to provide satisfactorily. When com¬ 
pression steel equal in area to the tension steel is provided in a beam and the 
calculation for resistance moment is ba‘.jd on the “ steel-beam theory," the 
pitch of the binders should not exceed eight times the diameter of the compression 



bar, and the diameter should be arranged accordingly. If the concrete is not 
ignored in calculating the compressive resistance, the binders should be spaced 
at distances not exceeding twelve times the diameter of the compression bar. 

All binding should be effectively anchored to the top bars in a beam ; Fig 39 
indicates a number of approved shapes commonly adopted. In the beam with 
the double system of binders the top portion is an independent bar ; tliis arrange¬ 
ment allows the binders to be open at the top until the beam reinforcement 
has been fixed, and is particularly suitable for heavily reinforced rectangular 
beams. 

Shear Value of Diagonal Bars. —Since the principle assumed in evaluating 
the shear resistance of diagonal bars is that the latter form the tension members 
of a lattice girder for which the inclined compression in the concrete provides 
the corresponding compression member, it follows that the shear resistance at any 
section is the sum of the vertical components of all the diagonal bars and com¬ 
pression struts cut by the section. Thus, with a single system of diagonal bars 
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arranged as in Fig, 40(a) the shear resistance at any vertical section in the length 
L is given by 

S ~ At sin 6 (for single system), 

or when 6 = 45 deg. 

S == 0707^4/ 

where A — the normal cross-section area of diagonal bars (sq. in.) 
t = the maximum allowable tensile stress (lb. per sq. in.) 

0 — the angle made by the bar with the horizontal. 

If a double system, as in Fig, 40(6), is provided, double the resistance is 
obtained, and the shear resistance of any vertical section within the length Li 
is given by 

S = 2At sin 0 

and when 0 ~ 45 deg. 

S = 1*414^4^ 

The same resistance can be considered as provided for the length L, as long 

c 

as the unit shear stress on the concrete at section AB does not exceed —. 

10 



Of» STfCBSft MBTBiC’HCH IM lMCUf4C^ 

wm4 fiQuAo. sTiKcsdM ftTiMMoirr Pof^rtOH OP PoirnoH 

NMCUNBO POimOHO. fop common 



Fig. 40.—Diagonal Sliear Bara. 
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If the diagonal bars are spaced in either of the two ways shown in Fig. 40(a) 
and (6), the stress {/) in the bent-up portion of the bar can be taken as the same 
as in the bottom straight portion of the bar, but if the common arrangement 
shown in Fig. 40(c) and (i) for bars bent up at 45 deg. is adopted, the stress in 
the bent-up portion cannot exceed the stated proportion of the stress in the 
bottom straight length. 

Diagonal shear bars must be anchored sufficiently beyond the intersection 
with the neutral axis to develop the stress adopted. If a bar is simply stopped 
at the top of the bend as in Fig. 40(c), instead of being bent horizontally, 
the allowable stress should not exceed that represented by the bond on the 
length c. This detail is not advised for any members except those of little im¬ 
portance, and in any case the bar is practically valueless except for very deep 
beams. 


On TahU No. 33 are tabulated the shear values of bars from i in. to in. 
in diameter bent up at 45 deg. and 30 deg. for both single and double systems at 
a stress of 18,000 lb. per square inch. This stress is usual for normal building 
construction, but for impermeable construction at 12,000 lb. per square inch, 
two-thirds of the tabulated values should be taken. If other stresses are adopted 
the shear value will be proportional. 

Diagonal shear bars are usually provided by simply bending up the main 
tensile reinforcement, but in so doing inspection must be made to ensure that 
beyond the bending-up point the bar is not required to assist in providing resist¬ 
ance moment. The limiting points at which bars can be dispensed with as 
regards bending are tabulated on Table No. 32 (page 281), which applies to 
beams having up to eight bars in the principal tensile reinforcement. (Although 
bars can be bent up at the points indicated it is not implied that if they are 
not bent up they can necessarily be stopped off at these points, since they may 
not have sufficient bond length from their point of critical stresses. This aspect 
depends on the rate of change of bending moment, and should be investigated 
for any particular beam.) 

Design. —Examples of the calculation of the shear resistance at any section 
of a beam and the design of a section to take a certain shear force are given 
on the page facing Table No. 33. In general the procedure would be as 
follows: 

To calculate the shear resistance at any section, the factor V for the binders 
is read from Table No. 33 and by multiplying by the lever arm the shear resistance 
of the binders is obtained. The resistance of any diagonal bars will be the sum 
of the resistances of each bar as read off the table. An inspection of the arrange¬ 
ment of the diagonal bars will indicate whether a single, double, or more complex 
system is provided. The total resistance due to the steel is the sum of the 
resistance of the binders and the diagonal bars. The resistance of the concrete is 
given by the product of the lever arm and the breadth multiplied by the safe 


shear stress higher of the two resistances (that is, reinforcement 

or concrete) represents the resistance of the section. 

5 

In designing a section the first step is to determine s from ^ ^md then 


allocate to one of the two cases: 
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Case I, s less than —, 

10 

Q 

Case 2, s greater than —. 

10 

In the first case no shear reinforcement is required but nominal binders 
should be provided. If the problem falls in Case 2, from inspection, decide 
whether the shear reinforcement shall consist of binders or diagonal bars, or 

5 

both. If binders alone, then - gives the value of V required, and a suitable 

a 

pitch and diameter can be selected from the Table No. 33. If diagonal bars 
form the principal reinforcement there would generally be some binders, if only 
a nominal amount, and the value of V for these binders can be found from the 
table. Diagonal bars should then be provided to take the shear (5 — Va), If 
both diagonal bars and binders are provided, the procedure is to combine and 
adjust the values of Va and (S — Va) as best suits the problem in hand. 

In important beams it is advisable to plot the shear resistance diagram for 
the whole beam on the same base and to the same scale as the shear force dia¬ 
gram, and be assured that the latter is amply covered by the former. For normal 
beams it is usually sufficient to determine the point at which no shear reinforce¬ 
ment is required and calculate the reinforcement required at the point of maxi¬ 
mum shear. Between these two points the intermediate shear reinforcement 
can generally be allocated by judgment. 

2 . —Torsion. 

The design of reinforced concrete sections subject to twisting moments is 
not susceptible to accurate mathematical analysis, and calculations must there¬ 
fore be based largely on the results of tests. Among the most recent series of 
published tests, the results of which can be applied to practical design, are those 
made by Mr. Leslie Turner and Mr. V, C. Davies.* The data on Table No. 34 
(page 285) have been calculated from the results of these tests. 

Sections subject to twisting moments should be well shaped and be free 
from re-entrant angles. In designing for the normal shear and bending 
moments, lower stresses than usual should be adopted, thereby leaving a margin 
for the secondary torsional stresses. The moment of resistance to torsion of a 
reinforced section can be expressed as 

== RDH 

where D == equivalent diameter (in.) 

5 = safe shear stress (lb. per sq. in.) 

R = section coefficient. 

The value of R depends upon the percentage of reinforcement and the shape 
of the section; suitable values are given on Table No. 34 for the shapes most 
commonly met with in practice. The equivalent diameter D can be described 
as the diameter of the largest circle that can be inscribed within the solid section. 
If the section is subjected to a bending moment or a shear force that will cause 
cracking of the concrete below the neutral axis, the area of the cracked concrete 

* lastitutioa of Civil Encineen, Selected Paper No. 165. 
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should be ignored when assessing the shape of the section and the value of D. In 
this respect it should be remembered that for continuous beams, whose shape in 
plan is a circular arc, the maximum twisting moment occurs at the points of 
contraflexure ; hence the full section ran be considered when investigating the 
torsional stresses. 

The percentage of reinforcement is equal to the sum of the longitudinal 
reinforcement and binding inserted solely to resist torsion. Only longitudinal 
bars near the outer faces of the section can be considered effective, and it is 
usual to provide equal amounts of binding and longitudinal bars, since lateral 
binding is of utmost value for resisting torsion. 

The method to be adopted in designing a section for torsion is to design first 
for the normal bending moments and shears (using reduced stresses) and to deter¬ 
mine D for this section. For the concrete mix adopted take the value of s 

given on Table No. 23. If the applied twisting moment is T in.-lb., 

the section coefficient required is 



From Table No. 34 the percentage of reinforcement required for the appropriate 
shape can be determined. This amount of reinforcement should be divided 
equally between lateral binders and longitudinal bars An example is given on 
the page facing Table No. 34. 

The combination of torsional shear stress with the shear stress due to normal 
bending is a complex process and, failing the adoption of a more accurate analysis, 
the designer should assure himself that, at any section reinforced for shear, the 
numerical sum of the two stresses is restricted to a reasonable value (say, not 
in excess of twice the normal allowable shear stress). Consider the example 
on p. 284, in which at the point of contra flexure (fifth-point of span approximately) 
the stress due to normal shear is 52 lb. per square inch and the torsional shear 
stress does not exceed 75 lb. per square inch. Thus the sum of the two shear 
stresses is 127 lb. per square inch, which is less than 2 X 75 = 150 lb. per square 
inch. The design is therefore satisfactory, since the binders provided give ample 
shear reinforcement. 
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COLUMNS 

1.—Column Loads. 

Design Data. —The superimposed loads for which columns in buildings should 
be designed are the same as those for beams given on Table No, 2 (page 213), 
except that the minimum alternative load need not be considered. Where the 
superimposed load does not exceed iqo lb. per square foot, the column loads 
can be reduced in accordance with the schedule given on Table No. 2 for multi¬ 
story buildings. External columns in buildings (and internal colunms under 
certain conditions) should be designed to take bending moments due to the 
restraint at the ends of beams framing into the columns. Formulae for the 
calculation of these bending moments and expressions for the determination of 
bending moments in columns due to wind pressure on buildings, water towers, 
silos, and similar structures are given in Chapter V. 

The working stresses for which columns should be designed are the direct 
compressive stresses given on Table No. 23 (page 263) when the columns are 
subjected to direct load only. When the column is subjected to a bending 
moment in addition to a direct load, the stresses should be determined in accord¬ 
ance with the methods described in Chapter XIV, and these stresses should not 
exceed the compressive stresses given for bending on Table No. 23. Columns 
of this kind should, however, be checked to ensure that the direct compressive 
stress is not exceeded when only direct load occurs. The tabulated stresses 
can, however, be exceeded by not more than one-third for any forces or moments 
due to wind pressure alone. 

The general modifications to the tabulated working stresses as set out in 
Chapter IX should be considered when assessing safe working stresses for columns. 
When the loads on the columns are approximately ascertained the concrete 
should not be stressed up to the limit, but when the column loads are carefully 
calculated from the elastic reactions from the beams the stresses can be increased 
up to the limit. 

The reduction of stresses in slender -eolunms is discussed later. 

Reinforced concrete columns are usually either rectangular columns with 
independent binders or octagonal columns with helically-boimd comers. 

Columns with Independent Binders. —^The effective area of a column 
section is the area of the concrete plus m times the area (i 4 ^) of the longitudinal 
reinforcement; for a rectangular column 

A == BD + (m — i)Ac 

where B and D are the breadth and width of either the core or of ihe whole 
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section (see Fig. 41) depending on which k considered as the effective load- 
carrying section, llie London By-laws accept the effective area calculated on 
the whole section. The value of m depends upon the mix, and it is usual to 
accept a value of 15 for ordinary calculations notwithstanding the fact that 
such values underestimate the m^ulus for normally made concrete and give 
values of m in excess of the true values. The Code of Practice adopts a 
stress of 13,500 lb. per square inch in the compressive reinforcement (ordinary 
mild steel) in columns without reference to the concrete mix or modular 
ratio. 



The safe axial load carried by a short column is 

W ==^CoA 

and thus the concrete stress in a short column carrying a concentric load is given 
by c.= 

In a normal column the amount of reinforcement should be reasonable 
compared with the size of the column, and the foUowing limits are generally 
suitable: 


Minimum area of longitudinal 
reinforcement 
Maximum „ „ 

Minimum volume of binders 


Maximum „ 
Maximum spacing 


= 0*8 per cent, of whole concrete area. 
= 8 per cent, of core area. 

= 6'2 per cent, of the whole concrete 
volume. 

= 5 per cent, of core volume. 

= Twelve times the diameter of the 
smallest longitudinal bar or the 
width of the colunm, whichever is 
smaller. 

The largest convenient diameter of binder is J in., but larger diameters 
can be used; usually a much smaller bar is all that is necessary, and ^ in. is 
a very convenient size. The arrangement, and therefore the diameter and spacing, 
of independent binders depend on the number of longitudinal bars in the column ; 
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Fig, 42 illustrates a variety of arrangements. Those arrangements m which the 
binder is in the form of links provide almost twice the length per layer (and 




therefore almost twice the volume for a given 
diameter) given by the simpler types. 

Immediately above and below a joint in the 
longitudinal reinforcement the binders are some¬ 
times spaced at closer centres than elsewhere 
required in the column. Such joints should only 


be made at floor levels or beam intersections, 



^^ unless unavoidably otherwise, as in that position 
a more secure and more conveniently constructed 
junction is obtained. Two types of column splices 
are indicated in 43 

The range of maximum safe loads carried by 



Fig. 42. 

Typical Column Binders. 


square columns of various mixes and with maxi¬ 
mum and minimum percentages of longitudinal 
reinforcement is tabulated on Table No. 35 (page 
287). These loads have been calculated with the 
standard stresses for the specified mixes, and if 
these stresses are modified a proportionate modifica¬ 
tion should be made to the safe load. From this 
table a suitable design for a square column can 
readily be selected to carry a given load. 


HelicaFy-bound Columns. —By making the binding in a column in a 


continuous helical form instead of in independent layers the stress to which the 





Fig. 43.—Alternative Details of Column Joints. 











COLUMNS 


173 


bound core can be safely subjected is much increased. Most building regulations 
give methods of calculating the increase in allowable load, and the following 
conditions conform to the London By-laws. 

The form of the binding must be circular, or practically so, on plan, and 
the area of concrete effectively stressed must be limited to that contained within 
the bound core. 

The maximum safe load which a helically-bound column can carry is given 
by 

P = P^ + Pj, + Pg 

where == load carried on the concrete core 

Py = load carried on the longitudinal reinforcement 
Pjg = increase in load due to helical binding. 

Values of these components are as follows. 

P^ + Pr = [07854D* + Ac[m - i)]Co 
where D = core diameter (in.) 

m = the modular ratio (— 15) 

Co= permissible direct compressive stress (lb. per square inch) 
— area of longitudinal reinforcement which should not be 
less than 0*8 per cent, of the total area nor more than 
8 per cent. 

The value of must be reduced when, because of sle»^demess or other reasons, 
the maximum stress cannot be permitted. 

Pj5 = 7,o8oDAf, 

where Af^ = cross-sectional area of helical binding per foot length of 
column. 

This expression is based on a stress of 13,500 lb. per square inch in the helical 
binding. 

The spacing of helical binding should be not less than i in. and not greater 
than 3 in. An important limitation is that 

^0 + > i -875^ c , 

where P^ = 0-78540^0 

and A = total cross-sectional area of the concrete (sq. in.) 

Consider as an example, the calculation of the safe direct load on an i8-in. 
octagonal column, 1:1:2 mix. Quality A concrete, reinforced with eight ij-in. 
vertical bars and f-in. helical binding at 2j-in. centres. 

From Table No. 23, the safe direct compressive stress = 1,000 lb. per 
square inch. 

The core diameter can be taken as 16 in. and the area of longitudinal steel ~ 
14-14 sq. in. 

Hence + Py = [(0-7854 X 16^) + (14-14 x i4)]iooo = 399>5oo lb. 

The cross-sectional area of the helical binding per foot length of column 

= 0-53 sq. in. = Af^. 

"Hence Pjg = 7,080 x 16 x 0*53 = 60,000 lb. 

Therefore the total safe load = 399,500 + 60,000 ~ 459»5oo lb. (assuming 
that it is a short column.”) 

Economical Column Design. —As so many variants enter into the 
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problem of designing a column, it is not easy at first sight to decide which com¬ 
bination leads to the most economical member. Given a constant slenderness 
factor, and any specified load over loo tons, consideration of varying richness 
of mix, of maximum and minimum percentages of binders and longitudinal 
reinforcement, and of independent and helical binders, would lead to the following 
general conclusions. 

Other things being equal the richer the mix the more economical the column 
becomes. In square columns the minimum amount of longitudinal reinforce¬ 
ment produces the cheapest design for a given mix. Also for any mix a square 
column is generally less costly than an octagonal column with a helically-bound 
core. 

Taking eight alternative methods of design for columns to carry loads from 
100 tons to 500 tons, the economical order is usually as given below, the most 
efficient type heading the list. 

Rich (141:2) mix, square column with minimum vertical steel. 

Rich mix, octagonal, with maximum volume of helical binders and 
minimum area of vertical steel. 

Intermediate mix, square, with minimum area of vertical steel. 

Intermediate mix, octagonal, with maximum volume of helical binders 
and minimum area of vertical steel. 

Lean (1:2:4) mix, square, with minimum area of vertical steel. 

Lean mix, octagonal, with maximum volume of helical binders and 
minimum area of vertical steel. 

Lean mix, octagonal, with maximum volume of helical binders and 
maximum area of vertical steel. 

Lean mix, square with maximmn area of vertical steel. 

Columns with helically-bound cores are either square, octagonal, or circular ; 
usually an octagonal section is the most economical of these, since the shuttering 
is less costly than for a circular colunm and there is less ineffective concrete in 
the corners than in a square column. The minimum outside size of the column 
should be 2 in. more than the diameter of the bound core. 

Although helically-bound colunms are not necessarily the most e<::onomical 
form of column construction, the extra cost is usually offset by the advantages 
arising from the extra available floor space, especially in multifloor buildings of 
the warehouse class. 


2.—Long Columns. 


If the ratio of the effective length of a column to the least radius of g)rration 
exceeds 50 the safe load on the column is reduced, the reduction factor being 
given by the expression 

» ^ T.e _ 


where Lj = the effective length of colunm (ft.) and 
g ^ the least raditis of gyration (in.). 

On Table No. 35 are given values of Rj^ for tenderness ratios up to the 
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usually accepted limit. The permissible load on a long column is given by the 
expression Pl = PiP 

in which P is the permissible load on a short column (that is, a column having 
a ratio of effective length to least rMius of gyration of 50). 

The effective length of a column can be taken as the actual length of the 
colunrn if the end conditions are equivalent to ** hinged both ends." If the 
column is " fixed at both ends " the effective length can be taken as three-quarters 
of the actual colinnn length. If the colunrn is " fixed at one end and free at 
the other " the effective length should be taken as twice the actual column 
length. For intermediate conditions of end restraint intermediate values would 
apply. By ** hinged " is meant that the column is properly restrained in position 
but not in direction. By " fixed " is meant that the column is properly restrained 
both in position and direction. By " free " is meant that the end of the column 
is unrestrained in either position or direction. The actual length of the column 
should, in the case of buildings, be taken as the distance between floor levels 
For columns with independent binders the least radius of g5Tation should 
be calculated on the gross section of the column, and on the core section for 
columns with helical bindings when the latter are taken into account in determining 
the load-carrying capacity. The radius of gyration should take into account 
the reinforcement at a modular ratio of 15. 

For square and rectangular columns it is usuaU"" more convenient to base 
the slenderness ratio on the least lateral dimension (provided the section has no 
re-entrant angles) instead of on the radius of gyration. For a square column, 
for which the ratio of effective length to least lateral dimension exceeds 15, 
the reduction coefficient can be derived from the expression 

= 1.5 — ^ where = the lateral dimension (in.) of the column. 

Pl 

On Table No. 35 values of for square columns are tabulated for various 
actual slenderness ratios, in which the effective length and the least radius of 
gyration, or least lateral dimension, are expressed in the same units. 

3.—Plastic Theory. 

The assessment of the safe axial load on a short column adopted in the Code 
of Practice is based on the plastic theory (see pages 162 and 189). The ultimate 
load Po on a rectangular column can be expressed as 

Po = o^SBDc^ + Ag(t^ — 0‘8cJ. (e) 

and the safe axial load, with a factor of safety of three, is 

B, D, and Co have the signification used elsewhere in this chapter, and 
1= 28-day strength of 6-in. cubes (lb. per square inch) = 3c = 375^0 
fy = yield stress of reinforcement = 3c, (lb. per square inch) 

Ag = total area of reinforcement (square inch) 
c, = 13,500 lb. per square inch for mild steel, 15,000 lb. per square inch for 

medium tensile steel, and generally = 
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COMBINED STRESSES 

1.—General Principles. 

The maximum stresses in certain structural members, such as arches, walls of 
rectangular silos and bunkers, tie beams, columns subject to eccentric loads, 
chimneys, etc., are due to the combined effect of bending and direct force. The 
latter may be either a pull or a thrust, and the method of determining the magni¬ 
tude and distribution of the stress on the section depends on the nature of the 
direct force and the relative magnitude of the moment and the force. There 
are three principal cases to consider : 

(i) Wlien the direct force is a thrust and the resultant stresses on the section 
are wholly compressive. 

(ii) \^en the direct force is a pull and the resultant stresses on the section 
are wholly tensile. 

(iii) When the direct force is either a pull or a thrust and both tensile and 
compressive forces are produced on the section. 

The effect of a moment M and a direct force N acting simultaneously on 
a section is equivalent to a direct force acting at a distance e from the centroid 

M 

of the stressed area where ^ . For convenience it is usual to consider that 

N 

this eccentricity e is measured from the centroid of the concrete area, and the 
error involved in this approximation is negligible. In some problems the actual 
eccentricity of the load on the member is given, in which case, if the resultant 
moment is required, it can be determined from the equation M = eN. 

The value of e relative to the dimensions of the section determines into 
which of the three cases the problem falls. For problems coming within the 
limits of Case (i) the maximum and minimum stresses are calculated by adding 
and subtracting respectively the stresses due to the direct force alone and to 
the moment alone. The limit of applicability of this case is reached when the 
tensile stress that would be produced by the bending moment alone (considering 
the whole concrete section as well as the steel fully effective) is equal to, or slightly 
exceeds in some cases, the compressive stress due to a concentric load N, With 
rectangular sections containing normal percentages of reinforcement these limiting 

conditions are approached when the ratio of ~ lies between 0*167 o*5» where 

D is the total depth of the section. For any section the limiting value of e is 
2 

equal to where A is the effective area of the section expressed in concrete 
A 
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units and Z is the modulus of the effective section (also expressed in concrete 
units) measured about an axis passing through the centroid of the eection. 

When iV is a pull the stresses on the section are entirely tensile and the 

problem falls under Case (ii) when the ratio ^ is less than 0-5, where / is the 

distance between the centroids of the reiuforcenient on opposite faces of the 
section. In this case the tensile resistance of the concrete is neglected. 

When Case (i) is applied to a particular problem with 'N a thrust and exces¬ 
sive tensile stress is produced in the concrete, or when Case (ii) is applied to 
vi problem with N’ a pull and compressive stresses are produced, the problem 
should be considered as coming within the limits of Case (iii). Various methods 
of calculation of the stresses for this case have been devised. Any direct method 
of solution of such problems becomes comj. Heated since an exact analyser involves 
the solution of a cumbersome cubic equation, and any ready means of com- 


N (thrust) 



Fig. 44,—Rectangular Section. 

putation would necessitate the possession of an impracticably large number of 
curves if all the probable variations of the components of the equation are to be 
allowed for. The comprehensive method advocated in this chapter involves the 
assumption of a trial factor that can be checked and adjusted, and in common 
with all other methods this method is based on the two conditions of equilibrium 
that 

(а) the algebraic sum of all forces acting on the section is zero, and 

(б) the algebraic sum of the moments of all forces acting on the section 

is zero. 

For rectangular sections, or sections reducible to equivalent rectangles, the 
notation will be in accordance with that indicated in Vig. 44, and for the con¬ 
sideration of any irregular section the notation will be as shown in Figs. 45 
and 46. When there is no reinforcement on the compression face of the section, 
the factor in the formulae will be written zero and consequent simplifications 
will follow. 
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For convenience an abstract of the methods of stress determination for any 
given rectangular section subject to combined bending and direct pulls or thrusts 
is given on TahU No. 36 (page 289), together with values of certain of the factors 

involved in the calculation. For large values of ^ (say exceeding 1-5) an approxi- 

N (thrust). 




-^^XceNTROfP 
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Fig. 46.—Irregular Section. 


_ X _•. 


mate method can be followed that gives the resultant stresses on the section 
with a reasonable degree of accuracy. 


2 .—Bending and Direct Thrust. 

Rectangular Section subject to Bending and Compression where e 
is less than 0 ’ 167 O—In this case, with any proportion of reinforcement. 
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compressive stresses only are developed on the section and the maximum and 
minimum values are given by 

N , M 
^ Z' 

For a rectangular section tho values of A and Z are given by 

A ^ Ai 

where ^ 4 ^ = (m — i)(i 4 ^ + A^) 
and A^ = 6D. 


In this case Z = 


2i4i(o-5D 


d+f)^ A,D 
6 ■ 


The design of sections for this case involves the assumption of trial scantlings 
and reinforcement areas. 

For the special case of m = 15 and Aq=^ Aj> the factors given on Table 
No. 36 A can be used, the method to be adopted being given on the page facing 
this table, where examples of stress calculation are illustrated. 

Rectangular Section subject to Bending and Compression where e 
is greater than 0*167D and less than 0‘5d. —With no reinforcement (a plain 
concrete section) tension would be developed in one face of the section when 
e exceeds 0-167D, but with increase in the proportion of reinforcement the ratio 
of e to D can be considerably increased before tensile stresses are developed. 

The actual limiting value of ^ depends on the amount of A ^ and Af and the 
relative values of /, d, and D. Cases where — lies between 0*167 and 0*5 should 
be first treated as if ~ were less than 0*167, and if no tensile stress is developed 

the stresses calculated by this method will be the actual stresses developed. 
Even if a small amount of tensile stress is developed, treatment as in the pre¬ 
ceding section is justified so long as the tensile stress in the concrete for the worst 
combination of M and N does not exceed about one-sixth of the allowable 
compressive stress. 

If the stress calculated in accordance with the method in the preceding 
paragraph exceeds this limit the tensional resistance of the concrete must be 
ignored, and the stresses calculated as in the next paragraph. 

Determination of Stresses for a Rectangular Section subject to 
Bending and Compression where e is greater than 0*5d and less than 
l*5d. —This is the generd case, when tension on the concrete is ignored, and is 
applicable to sections with and without compression reinforcement and with any 

cover ratio or value of -—- and any ratio of elastic moduli. 

The iirst steps are to take a trial position for the neutral axis by assuming 
nj the neutral axis factor (see later observations) and calculate the maximum 
stresses c and t from the formulae 

NF , , 

‘ Gbd + K/i .^ 

. 

A m 
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where the factors F, G, K, and J have the following signification 


e — o-sD 


+ I 


K~HA, where H - ("-i> (». +/■-^) 


] O’Shdn^. 

The ratio - calculated from formulaB (i) and (2) should 
c 

be very nearly equal to the stress ratio corresponding to the 
and the appropriate modular ratio as determined from 

*1 

I + — 
cm 


coincide with or 
trial value of 


In the first trial there may be some discrepancy between the two values of 
in which event the factors G, H, and J should be amended and a second 
calculation made for c and t ; this should give a satisfactory value of On 

Table No. 36 values of for various values of ~ for different modular ratios are 

c 

tabulated, together with values of G and H. The value of F is constant for 

a given section with given ratio of —. 

When the section is only reinforced in tension formulae (1) and (2) become 
simplified to 

NF 


Aj, 

since K is equal to zero. 

For the special case of m — 15 and — Aj,, the stress can be obtained 
by adopting the method applicable to the factors given on Table No. 36A ; a 
worked example is given on the page facing this table. 

Rectangular Section subject to Bending and Compression where e 
is greater than 0-5d. —If the member being designed is a slab, mid-span section 
of beam, etc., and need not have compression steel, suitable concrete sizes and 
tension steel area can be determined by first assuming an appropriate value of 
d (and therefore D) and finding the minimum breadth of section required to keep 
the concrete stress within the specified limit from the relation 

. NF 
~ cdG' 

In this instance G is calculated (or read off Table No. 36) from the per¬ 
missible values of t and c. 'fhe area of tension steel required is given by 
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If the value of b thus obtained is unsatisfactory, an adjustment to the 
assumed value of d might give a reasonable section ; but if a suitable value of 
b IS not obtained within rational or permissible limits of d, then a convenient 
section can be found (a) by reducing the working stress in the tensile reinforcement, 
thereby increasing the area of concrete in compression (ft) by adding compression 
steel; or (c) by combining (a) and (b). 

If reinforcement is added to aid the compressive resistance of the section, 
or if the member is such that conventional design or other considerations require 
the provision of compression steel (for example, columns, piles, support section 
of beams, sections subject to reversal of flexure), it is necessary to assume (or 
fix from other considerations) suitable values of 6 as well as d. With these 
values, and with the ratio of the allowable stresses in tensile steel and concrete, 
the factors F, H, J, and G can be calculated or read off Table No. 36. The amount 
of compression steel required is given by 



NF 

where P = — 
c 


-bdC, 


The area of tension steel can be found from 

, _cU + HAc)-N 

^fp — — ■ I .. 


If A Q should exceed both values should be adjusted by reducing the 
value of tensile stress or by modifying the concrete dimensions. 

Rectangular Section subject to Bending and Compression where e 
is greater than l-5d. —When the eccentricity of the thrust is large compared 
with the dimensions of the sections the stresses will be primarily determined by 
the bending moment, the thrust only producing a secondary modification. In 
this case the stresses should first be calculated for the bending moment on the 
section alone as described in Chapter XI. The actual stresses can then be 
determined by adding Ci to the maximum compressive stress in the concrete, and 
by deducting mci from the maximum tensile steel stress, where 

N 

c. =---. 

Aq,m + bn + Af.(m - i) 


The design of sections that are within the limits of - applicable to this case 

d 


can be readily carried out by the method outlined for the preceding case. 

Any Section subject to Bending and Compression where e is less 
Z 

than —.—Given any reinforced concrete section subject to a direct force and 


M 

a moment, the magnitude of — being small, the first sf e() in the determination 


the stresses is to find the effective area of the section and the modni :, a of th 
section about an axis passing through the centroid of the section. When the 
section is symmetrically reinforced about the ' ^ of l>ending, an* is eith« r 
rectangular (bending about a diagonal), circular c»nal, r* fnnul etc., the 
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values of A and Z for the. concrete section are readily obtained from the data 
given on TaUe No. 39 (page 297). The additional area and additional modulus 
due to the reinforcement are given by 

A^ — {m — i)I^Aj. 


where Aj, = area of a bar or group of bars placed at a distance x from the axis 
of bending. 

When the section is irregular, as in Fig. 45, the values of A and Z can be 
determined by dividing the section into a number of narrow horizontal strips 
and by calculating the position of the centroid of the section, the effective area 
of the section, and the moment of inertia of the section. Thus, referring to 
Pig- 45 

Effective area of each strip = Aj,(in ~ 1) gh = a 
Total effective area of section — Za — A 


Position of centroid: 


_ Zax 

“T7 


Moment of inertia : / = Za{o-o8;^h^ + H^). 

If h is small compared with g the term O'oS^h^ can be neglected. 
The maximum compressive stress is given by 

N , H^M 


and the minimum compressive stress is given by 

N H,M 


In extreme cases Ci may be negative ; this is permissible if the magnitude of 
this tensile stress on the concrete does not exceed, say, one-sixth of the allowable 
compression stress. 

Any Section subject to Bending and Compression where e is greater 
Z 

than —.—When the value of as determined in the preceding paragraph, 
A 

exceeds the permissible negative value, or in those cases where ^ is so large com¬ 
pared with D that the simultaneous production of compressive and tensile stresses 
can be assumed at the outset, the tensile stress on the concrete should be neglected 
and the total tension should be resisted by reinforcement only. In this case 
it is necessary to select a position for the neutral axis, either after consideration 
of the maximum permissible stresses or otherwise, and to plot this axis parallel 
to the line of action of the direct force on a diagram of the given section drawn 
to scale, as indicated in Fig. 46. Next find the centre of gravity of the forces 
represented by the tension in the reinforcement below the neutral axis: 

Total area of tensile reinforcement, Aj, ^ Za^ 

Position of centre of gravity, p == 

ZaJ>^ 

where a\ = sectional area of individual bars or groups of bars. 
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If all the bars are equal in diameter, then 



The next stage is to divide the compression area above the neutral axis 
into a number of narrow horizontal strips. The depth h of each of these strips 
need not be the same, as any regularity in the conformation of the section may 


suggest convenient subdivisions. When the strips are of equal depth, or when 
the section is S5mmetrical or is hollow, the necessary modifications and simplifica¬ 
tions should be readily perceived. 

For each strip determine the factors Q and S, where 


Q = H[gk^(fn-x)a,] 
and S = H + p 


being the total area of reinforcement in each strip. 

In previous cases the eccentricity of the direct force has been measured about 
the centroid of the concrete area; this method can also be adopted in the case 
under review, but the centroid calculation can be avoided without serious sacrifice 
of accuracy if e is taken to represent the distance from the neutral axis to the line 
of action of the direct force. With this approximation the calculated maximum 
stresses are given by 

, _Nn{e + p) 

‘ m 



The value of n corresponding to these stresses should be compared with the 
assumed value, and adjusted if necessary (see p. 188). 

The design of sections falling within the limits of this case is most readily 
determined by assuming (or otherwise determining) the dimensions of the section 
and a disposition for the reinforcement. The position of the neutral axis would 
generally be such as would correspond to the permissible maximum stresses, 
and Cl and ti would be found by the method and formulae already given. If Ci 
is not appreciably less than the permissible concrete stress c, the maximum 
area of tension reinforcement, disposed as assumed in calculating p, would be 
given by 

Aj. = - n) 

Clip \n ) 


where i = permissible tensile stress. 

The following example will indicate the application of the method to deter¬ 
mine the stresses on the annular section illustrated in Fig, 47, which is subjected 
to a bending moment of 1,000,000 in.-lb. and a direct force of 50,000 lb. Here 

« = 20 in. and ~ == 0*56. Assume n = 13 in. (about o-38<f), then 


Ay == nine |-in. bars below the neutral axis = 277 sq. in. 
^ _ 2(5*+II* + 16J* + 20*) + 21* _ , . 

^ 2(5 + II + 16J + 20) + 21 ^ • 
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Divide the area above the neutral axis into the strips A, B, C, and D, and with 
m = 15 determine the values of Q and S thus: 


strip 


k 


(m - i)a^ 

A 

14 in. 

3 in. 

42 

8-6 

B 

. 24 in. 

3 in. 

72 

4*3 

C 

. 16 in. 

3 in. 

48 

8-6 

D 

12| in. 

4 in. 

50 

8-6 


50,000 X 

Cx = ^ - 

13 X 36 4 

i 

II 


Q 

H 

H 

Q 

s 

QS 

51 

iii in. 

586 

279 

16.400 

76 

8| in. 

645 

24*9 

16.080 

57 

5* in- 

314 

21*9 

6.870 

59 

2 in. 

118 

18-4 

2.170 


£0 = 

1.663 

£ 0 S = 

41^520 


>. per square inch. 




21 




16 4 X 277\ 13 


X 1,663 “ 50,000 j = 10,600 lb. per square inch. 


The value of n corresponding to these stresses is 


34 

‘ . 10,600 

I 4-^ 

15 X 569 


= 15-2 in.. 


compared with the trial value of 13 wu, and considering the magnitude of the 
stresses a second trial should not be necesssury since any reasonable increase in 
n will only slightly modify the concrete stress and will still less affect the steel 
stress. However, the problem will be re-worked with n ~ 14-5 (that is, i J in. 
more than previously) to indicate a ready method of adjustment. As before 

Aj, = 277 sq. in. 


and A — 5*) + ^9 5* 

^ 2(3i +9i +15 +i8*5) +19-5 


== 15*2 


in. 


Add the additional strip E ; 


the values of ^ 
H 


gh + {m — i)a^ for the 
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original strips A, B, C, and D will Temaiii, and thereforo the revised tabulation 
becomes 


stop 


l 

k gh 


H 

Q 

s 

QS 

A 




r 

*3 

663 

28-2 

18,700 

B 


1 

As before 

} 76 

10 

760 

25-2 

19.150 

C 


I 

1 

8 

456 

23*2 

10,380 

D 


1 

in . 

in. i 3 

59 

3i 

207 

i 8-7 

2,870 

E 


nil 18 

0*75 

14 

15*95 

223 






= 

2,100 

£ 0 S = 

51.523 




50,000 X 14-5 X 35 2 

51.523 


~ 495 lb. per squaie inch. 


t =- 1 -(X 2,100 — 50,000 I ~ 10,000 lb. per square inch. 

15 2 X 277^14-5 / 

The value of n corresponding to these stresses is 14-5 in., the value assumed. 
Therefore these second values of and will be the stresses produced by the 
given moment and thrust. 

In Chapter VIII some factors are given for the direct design of annular 
sections su(^ as that just investigated. 


3.— Bending and Direct PoU. 

Any Section subject to Bending and Tension where e is less than 
0*5/.—^If / is the distance between the centroids of the reinforcement on opposite 
faces of a given section, and if « is measured about an axis midway between 
the two centroids, then if ^ is less than 0*5/ the stresses are wholly tei^e.; The 
average stress in the reinforcement on the face nearer the line of action of N 
is given by 

, _N(e + o- 5 j) 

^ - 7^ 

where Aj, = total area of reinfcnrcement on this face. 

The average stress in the reinforcement on the face remote from the line 
of action of N is given by 

. ^N{o 5f --e) 

Mo 

where = total area of reinforcement on this face. 

The TnaYiTwiiTn stress depends upon the distance of the farthest bars in 
any group from the centroid of that group. 

These two expressions can be readily rearranged to give the area of reinforce¬ 
ment required in design problems. 

Rectangular Section aubject tO' Bending and Tension where e is 
greater than 0-5/ and less than l-Sd.— This is the general case, and the 
method of treatment is «milar to that given previously for combined bending 
and direct thrust, modifications being introduced to allow for the difference 
between a direct thrust and a direct pulL 

In determining the stresses produced by given values of M and iV on a 
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certain section, first assume a neutral axis factor (see p. i88) and calculate the 
maximum stresses from 

_ 

bdG + Kf^ 

, _ c(7 + K) + iV 

Aj, . • • 

where the factors L, G, K, and J have the following signification: 


. (i«) 

• M 


K = HA, fl - 

til 

J = o-^hdfii. 


The ratio of - as derived from (la) and (2a) should be reasonably equal to 
c 

that corresponding to the trial value of and in the event of appreciable dis¬ 
crepancy a second trial should be made and the factors G, H, and J recalculated. 
On Table No. 36 values of the various factors involved have been tabulated. 

When the section is reinforced in tension only (^4^ = 0), the formulae (la) 
and (2a) reduce to 


c 


NL 

bdG 


.cJ + N 

Aj, ■ 

When designing sections to take a moment and pull the procedure would 
be as follows: If the provision of compression steel is not anticipated, assume 
d (and D) and detenhine the minimum breadth from 

^ NL 
cdG 


where G is calculated (or read off Table No. 36) from the permissible stresses. 
If the value of b is unsatisfactory, d should be adjusted or compression steel 
added. The area of the tension steel required is given by 


A 


cJ + N 


In the case of singly-reinforced slabs subject to a moment and direct puU 
(walls and bottoms of tanks and bunkers, etc.) a simple procedure is the following. 

Determine the eccentricity e = — and evaluate r = e -f- 5.— d. 

N *2 

Ne N 

Find Ar = —? and Aj, = —. The total tensile reinforcement required 
at * t 
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= The value of d (and D) is that required to resist M acting alone, 

and the value of Ihe lever arm, a, is approximately that corresponding to the 
maximum permissible stresses. 

In designing sections in which compressive reinforcement is required (or is 
usual) first assume or otherwise determine suitable values of h and d, and with 
these values and the allowable maximum stresses determine 

A - ^ 

where Q = — bdG, 

c 

The tensile reinforcement is found 

, _cU + HA,) + N 

At -^-. 

If it is necessary to reduce the amount of compression steel, this can usually 
be effected by reducing t and thus increasing n. Usually in problems of bending 
and direct pull the tension is the deciding factor, and a more economical section 
can be arrived at by decreasing the working stress on the concrete. 

Rectangular Section subject to Bending and Tension where e is 
greater than l*5d.—Stress determination for a given section falling within 
the limits of this case is similar to that given in the corresponding paragraph 
for combined bending and direct thrust, and the stresses are computed as if 
the section were subjected to the moment acting alone. Evaluate 

N 

c, =- 

Ajtfn -f“ 

and deduct Cj from the maximum concrete stress, and add mci to the steel tension 
stress to find the actual maximum stresses in the concrete and steel. 

Design problems are best treated by an adaption of the approximate method 
for singly reinforced slabs outlined in the preceding paragraph, in which the 
depth, breadth, and amount of compression steel (if any) are determined as if 
the moment were acting alone, and 

= e + o$D — d 

is evaluated and the area of tension steeUrequired found from 



where a == lever arm of section designed for pure bending. 

Any Section subject to Bending and Tension where Compressive 
and Tensile stresses are simultaneously produced. —With modifications 
to allow for N being a pull instead of a thrust, the method given in the corre¬ 
sponding case for combined bending and direct thrust can be applied to problems 
of stress determination on any given section that cannot be treated as rectangular. 
A trial position for the neutral axis is taken and the part of the section above the 
neutral axis is divided into a number of narrow horizontal strips. The value 
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of A j. and p and the sunmiations EQ and EQS are determined and substituted 
in the modified formulae 


Ox 


Nn(e - p) 

eW~ 






if the value of n corresponding to the stresses and is approximately 
ecjuai to that assumed, these stresses are approximately the maximum stresses 
produced by the applied moment and puU. If the discrepancy between the 
calculated and trial values of n is serious, a second trial value of n must be selected 
iuid the summations revised by taking in a greater or smaller number of strips 
to accord with the revised n. 


4.—Position of Neutral Axis. 

The accuracy of the results of certain of the methods advocated in the 
foregoing paragraphs and the labour entailed in arriving at these results depend 
upon the accuracy with which the position of the neutral axis is selected. From 
a preliminary consideration of the section and forces acting it is possible to 
assume a value for n very dose to that corresponding to the calculated stresses. 
The maximum stresses for which the section has been ostensibly designed may 
indicate a reasonable value of n for the first trial, or consideration can be given 
to the stress ratio for pure bending as determined by the percentage of tension 
steel. The value of n selected should differ from the pure bending value 
thus: 

Bending and compression: the selected value of n should be greater 
than the pure bending value, and will increase with decrease in 

the Value of 

D 

Bending and tension: the selected value of n should be less than the 
pure bending value, and will decrease with increase in the value 


If there is such a discrepancy between the assumed value of n (= nj and 
the value corresponding to the calculated stresses (= nj that it is necessary to 
select another value (= nj intermediate between and n^, the following con¬ 
siderations should be borne in mind: 

Bending and compression: the value of n, should be nearer than 
it is to fi|. 

Bending and tension: the value of should be nearer than it is 
to n^. 

If the values of and do not differ by more than lo per cent, it is unneces^ 
sary to recalculate the stresses with a second trial value of n, since more direct 
adjustments can be made. If is within 5 per cent, of the calculated stresses 
are well within 5 per cent, of the actual stresses, and if is between 5 per cent. 



COMBINED STRESSES 


189 


and 20 per cent, of n the actual concrete stress c can be safely approximated 
thus: 



where Cj is the calculated concrete stress. 

The stress in the steel is affected to a less degree by small variations in the 
value of n. 

By way of illustration, applying this adjustment to the example worked 
on p. 183, we get 

n, =:= 13 in.; = ^5*^ in. (= 117 per cent, of n^) ; 

Cl = 569 lb. per square inch. 


c = 0-5 X 569I 




528 lb. per square inch compared with 


495 lb. i>er square inch by the more involved calculation. 

Applying this method of adjustment to example (c) given on the page facing 
Table No. 36, we get 

= 0*55 X 16-5 = 91 in.; n^ = 0 49 x 16*5 ^81 in. 

(— 89 per cent, of n^) ; 


Cl = 4i2 Ib. per square inch. 
. c = 0-5 X 412^1 + 


== 436 lb. per square inch compared with 


\ f 

426 lb. per square inch by the second trial position calculation. 


5.—Plastic Theory. 


The plastic theories (see pages 162 and 175) can be applied to eccentrically- 
loaded columns and the formulae given below have been developed to apply to 
symmetrically reinforced rectangular sections. 

= yield stress of reinforcement (lb. per square inch) 

— ultimate 28-day strength of 6-m. concrete cubes (lb. per square inch) 

Ag = total area of reinforcement (square inch). 

The ultimate load Pu for various degrees,of eccentricity is : 
e > 0-25Z)— 

Based on compression: A gf ^ j . . (/) 

Based on tension ; Pjj ~ ~ |^^(^ ~ 2^) ~ 2^)* f (^) 

The smaller of {/) and (g) controls. 


25£>- Pa = PFi =gr^[o-8W*. . 


(h) 


e < o- 2 $D, '> zero— 

= . 0 ) 

where Pui is obtained from formula (h) and P© from formula (e), p. 175. 


e == 


Per == Ptf per formula (e), p. 175. 




CHAPTER XV 


SPECIFICATIONS AND QUANTITIES 
1.—Specifications. 

Conditions of Contract.—It is usual for the specification of materials and 
workmanship to be preceded by a series of clauses termed the Conditions of 
Contract. Since many of these clauses are of a legal nature, it is preferable to 
adopt one of the standard forms issued by such authorities as the Royal Institute 
of British Architects or the Association of Consulting Engineers. 

The Conditions of Contract describe the extent of the contract, the require¬ 
ments concerning drawings and bills of quantities, the method of measuring up, 
assessment of the cost of extra work, and the provision of facilities for inspection 
and co-ordination with other contractors. A clause should provide that the 
contractor at his own cost shall maintain in good order and repair the whole 
of the works executed under the contract up to the date of granting the com¬ 
pletion certificate and for a further stated period, during which the contractor 
shall at his own cost restore and make good such portions of the work as may 
be considered defective. 

The Conditions of Contract should also include clauses dealing with the 
provision of an office for the clerk of works, and details of the method of pay¬ 
ment, the retention of money, and the contract time shbuld also be included in 
terms suitable for the particular contract. Other additional matter in this docu¬ 
ment shoiild include the payment of fees to local authorities, setting-out the 
works, provision of a competent foreman, conditions relating to sub-contractors, 
liability for damage to persons or property, fire insurance, penalties and bonuses, 
prime-cost items, arbitration in the case of disputes, and the supply of water 
and power. 

Materials. —A general clause should be included in the specification to 
the effect that all materials should be new and of the best quality and description 
and in every respect subject to the engineer's approval. If necessary, or con¬ 
venient, the materials should be of British production. They should be subjected 
to such tests as are specified and to such other tests as the engineer may deem 
advisable. Samples of all materials should be submitted to the engineer for 
his approval. Any materials delivered to the site and rejected by the engineer 
should be immediately removed from the site and replaced by the contractor 
free of charge. 

Cement. —The clauses covering the quality of the cement should state 
that the material is to be normal setting Portland cement complying with the 
appropriate British Standard Specification and a normal or rapid-hardening 
brand as deemed suitable for the particular structiure. Clauses should be inserted 

190 
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covering the method of packing, the delivery of test results from the manufac¬ 
turers, storage on the site, and prohibiting the use of damaged cement. 

Aggregates. —The requirements with regard to the cleanness, hardness, 
and grading of the fine and coarse aggregates should be stated, together with the 
prohibition of certain materials and the absence of laminated particles and dust, 
loam, organic matter, etc. Particulars of these requirements for different types 
of structures are given in Chapter IX. 

Water. —The source from which the water should be obtained is usually 
specified in the Conditions of Contract, and in the specification a clause should 
be included to the effect that the water must be clean and fresh. 

Reinforcement. —The reinforcing materials should be one or more of the 
qualities given in the British Standard Specification, although in special cases 
other materials may be permissible. Clauses should be inserted requiring the 
material to be clean and free from oil. Other clauses should clearly specify in 
what manner the reinforcement shall be paid for, that is whether it shall be paid 
on net calculated weights in accordance with the bar-bending lists, or on the 
gross weight of material delivered to and used in the works. The gauge of tying 
wire and the requirement that this shall be supplied by the contractor and included 
in his general price for reinforcement should be specified. 

Timber.— Timber is mainly required for joinery, piles and fenders, and in 
temporar} work such as shuttering, timbering excavations, and shoring. The 
requirements regarding the quality and type of timber vary considerably with 
its different uses, and specifications for general building works should be con¬ 
sulted. Having regard to the permanence of concrete structures, the use of 
good quality timber for joinery and other work incorporated in the structure 
is self-evident. All timber should be sound and straight grown, free from sap, 
shakes, loose knots, worm-holes, waney edges, and other defects. Only well 
seasoned wood should be used and clauses should be inserted to cover the treat¬ 
ment of joints, nail-holes, and painting. Generally, Baltic red-wood is a satis¬ 
factory medium priced material for doors and partitions of non-residential 
buildings and for structures where decorative woodwork is not required. The 
most suitable timbers for fenders and rubbing-pieces on jetties and wharf-walls 
are greenheart, Oregon pine, and elm. Such members are attached to the 
concrete framework by wrought-iron straps and mild-steel bolts, with a piece 
of hardwood packing between the concrete and the softer timber. Longitudinal 
rubbing pieces are usually attached to the vertical fender piles by oak treenails, 
and all exposed comers should be rounded off. 

Timber piles for wharf and jetty construction and for foundation work have 
certain advantages over reinforced concrete piles, but when they are in such 
positions that they are alternately wet and dry, as in structures in tidal water, 
these advantages are often offset by the rapid and serious deterioration that 
takes place. In the first instance timber piles of moderate lengths are cheaper 
than reinforced concrete piles, and, even for long piles, short lengths can be 
readily spliced together with a minimum of delay. The delay that occurs while 
reinforced concrete piles are maturing is also avoided, although with rapid¬ 
hardening cements and with a well-planned construction programme this cause 
of delay is almost eliminated in modem practice. Although more resilient when 
subjected to blows from vessels, a timber pile wears away more rapidly due to 
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abrasion by shingle, and the action of worms and rot render the life of timber 
short and uncertain. On the other hand a blow from a vessel may cause unde¬ 
tected cracks in a reinforced concrete pile and thus allow sea water to reach the 
reinforcement and cause corrosion. 

Just as creosoting assists in retarding deterioration of timber, so the appli¬ 
cation of a coating of tar is sometimes added to concrete piles with the object 
of preservation, l imber piles must be bound at the head with an iron ring and, 
unless driven through soft mud only, the lower end should be pointed and shod. 
The timber dollies for fitting into pile helmets are usually of elm and should be 
so placed that the blows are received along the grain. 

Brickwork and Masonry.—Brickwork may be incorporated in a rein¬ 
forced concrete structure either for load-carrying purposes or to act merely as 
a facing or filling material. The nature of the facing and the importance of the 
ultimate appearance of the structure will determine the excellence of the materials 
and workmanship of brickwork filling for wall panels in a concrete framework; 
but when the brickwork is carrying loads or providing supports for floor slabs, 
beams, or stairs, it is essential that certain standards should be maintained. 
These standards, the purposes of which are fairly obvious, include the stipulation 
that the bricks should be of the best quality of the type specified, new, of good 
shape, and uniformly hard. They should be free from stones and flaws and 
should be well burnt. The texture should be such that the bricks do not absorb 
more than lo per cent, of their weight of moisture when saturated, and immediately 
before lay*ng they should be well soaked in water. It is essential that they should 
be set in Portland cement mortar ; the joints should be J in. thick and be either 
struck," or, for external work, " raked and pointed." Old English or Flemish 
bonds are the most suitable, and the face of walls and piers should be plumb. 
The type of brick used depends upon its purpose. For sustaining high pressures 
engineering bricks are essential. 

Natural stone used for constructing supports for reinforced concrete struc¬ 
tures should be fine grained, hard, sound, free from excessive discoloration marks, 
rust veins, and from heads and shakes and other imperfections. Stones cut from 
the lower beds of quarries are superior. Successive courses of stones in the work 
should be well bedded and laid on their natural bed. Exterior work should be 
neatly pointed, and one-sixth of the area should be composed of " headers " that 
penetrate 3 ft. or right through the wall or pier being constructed. For purely 
facing work it is sufficient if the minimum thickness is 5 in. with one-third of the 
area 9 in. thick with sufiicient ties into the body of the concrete backing. 

Iron, Steel, and other Metals.—Apart from its use as reinforcement mild 
steel may be used in conjunction with concrete in composite structures. If in 
the form of joists, stanchions, plate or lattice girders, the quality of the material 
should be in accordance with the British Standard Specification for mild steel 
for girder bridges and for building works. The sections should be well and 
cleanly rolled and straight, and be free from scales, blisters, laminations, cracked 
edges, and defects of any sort. The edges of plates of girder flanges should be 
planed, and the ends of sections should be cut square and neatly dressed. All 
rivet holes should be drilled, although if the piece is less than f in. thick punching 
and reamering is sometimes permitted. TTie B.S.S. provides for rivets to be 
. made from " A " steel, and tension tests should show an ultimate strength of 
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25 to 30 tons per square inch and a tough and silky fracture. The rivets should 
be capable of having the head flattened out to 2^ diameters when hot, and should 
be able to be bent double when cold without fracture. It is usual to specify 
that structural steelwork is to be painted one coat before erection, one coat before 
leaving the works, and two or three coats after erection. 

A use for cast steel in reinforced concrete work is found in hinges in arch 
bridges. The castings should be thoroughly annealed, and in order to prove 
freedom from cracks they should be hung in chains and hanimered. Cast steel 
for any permanent work should generally be in accordance with the B.S.S. for 
this material, the tensile strength of which should be 26 tons per square inch and 
the elongation not less than 20 per cent. A cold bend test sliould be made on 
a i~in. diameter piece 9 in. long which should be bent through 90 deg. to a 
radius of one in. without signs of fractme. 

Wrought iron should be well rolled, tough, fibrous, and uniform in char¬ 
acter, The use of this material in concrete work is limited to its employment 
for the straps of pile shoes, for the straps connecting timber fenders, etc., to 
concrete wharves and similar purposes. The B.S.S. stipulates a minimum ten¬ 
sile strength of 20 tons per square inch for Grade C material with an elongation 
of 13 per cent. The fracture should be fibrous, and the cold bend test provides 
for the bar to be bent through 90 deg. to a radius equal to one to one and a half 
diameters. 

The quality of cast iron for pipes, pile shoes, pile forks, etc., should be in 
accordance with the appropriate B.S.S. Failure to comply with the specified 
tests condemns all castings made from the pouring represented by the test piece. 
The material should be tough grey metal cast from approved pig iron or from 
a mixture of pig and scrap. Castings should be clean and sound, free from air 
and sand holes and from lumps and flaws. Cast-iron pipes should be specified 
to be cast vertically with the socket downwards, and the allowable variation of 
thickness should be stated. Pipes should be coated with Dr. Angus Smith's 
solution, and if required for pressure work should be subjected to an hydraulic 
test of 200-ft. head of water for gas pipes aiid 400-ft. to 8oo-ft. head for water 
and sewage pipes. 

Usually pipes that have to be built into reinforced concrete tanks are made 
of brass, phosphor bronze, or other copper alloy, since deterioration due to corro¬ 
sion is much less than for ferrous metals and replacements that may affect the 
water-tightness of the structure are thus obviated. Pieces that have to be buUt 
into tank walls should have an additional intermediate flange cast in such a 
position that it will be buried in the thickness of the wall and thus form a type 
of waterstop. 

Workmanship.—A general clause should be inserted in the specification 
to cover workman.ship, and should state that the contractor's employees should 
be skilled men and that the engineer reserves the right to demand the substitu¬ 
tion of any employee who appears to be incompetent or negligent. It is usual 
to specify that the contractor should be called upon to pay the standard rate of 
wages in force in the district in which the works or manufacture of parts is carried 
out. i 

Excavation. —The clauses covering the excavation should state whether the 
excavation is measured net in the solid or whether an allowance is made over 
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net sizes for timbering. They should also state that timbering and pumping 
should be included in the contractors' price, unless these items are separated 
in the bill of quantities. In addition, the rates for excavation should allow for 
digging, throwing, loading, wheeling, part return fill and ram, and the disposal 
of surplus spoil. It is usual to indicate the percentage of excavated material 
which will have to be removed from the site and to what distance it wiU have 
to be carried before it is dumped. Clauses should also be inserted to cover any 
particular requirements concerning the structure in hand. 

Shuttering.—A general clause concerning shuttering should require the 
temporary falsework to be substantially and rigidly constructed, and efficiently 
propped and braced to prevent deformation due to depositing concrete or caused 
by other loads to which it may be reasonably subjected, and to prevent distortion 
due to the effect of weather, etc. The inner face of shuttering should be treated 
to obtain a fair surface and the joints should be tight enough to prevent leakage 
of cement grout. The shuttering should be constructed to facilitate easing and 
removal of the various parts in the recognised sequence without jarring the 
concrete, and no shuttering or strutting should be struck until the concrete has 
attained a satisfactory strength. Clauses should be inserted regarding the 
provision of bolts, nails, screws, wire-ties, and other connections, the formation 
of cambers on beam soffits, fillets, chamfers, arrises, etc., and cleaning out the 
forms. The responsibility of assessing the correct time for striking the shuttering 
is usually put on the contractor. 

Bending and Fixing Reinforcement.—The clauses covering these opera¬ 
tions should specify that the bending is to be carried out cold and with a gradual 
motion. Where necessary, conditions under which hot bending and welding 
are allowed should be given. The bars when bent should be fixed in the work 
in accordance with the detailed drawing, and intersections should be wired 
together with soft-iron binding wire or approved patent ties. Distance pieces 
made of metal or cement mortar should be used to maintain the specified cover 
between the bar and the outside face of the concrete, and spacer bars should be 
provided between layers of reinforcement where shown on the drawing. The 
specification should state whether the spacer bars are provided by the contractor 
or are included in the measured weight of reinforcement. 

Concrete.—The clauses concerning concrete should cover the proportions 
in which the materials are to be mixed for various parts of the structure, the 
minimum strength at 7 and 28 days to be attained by concretes of various mixes, 
the method of measuring the materials by weight or volume, the amount of 
water to be used, and the slump or other consistency test to be complied with. 
The minimum time of mixing, the procedure to be adopted in hand mixing, 
the conditions under which the concrete shall be distributed to the site and 
deposited in the shuttering should also be covered, together with the method 
of forming and positions of construction joints and other stopping places, the 
conditions of curing, the protection of concrete in cold or extremely hot weather, 
and other factors concerning the particular structure. Full particulars of the 
manufacture and testing of concrete cubes should also be incorporated. 

Miscellaneous Items.—The specification should also include clauses 
relating to the normal and special finishes required, particulsus of piles, prepara¬ 
tion of ground under foundations^ the provision and erection of refractory linings 
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and other works peculiar to any particular type of structure, and the conditions 
under which tests on the completed structure should be performed. 

2.—Quantities. 

Methods of Measurement. 

The bill of quantities for a reinforced concrete structure includes the follow¬ 
ing principal divisions, each of which is subdivided into items as explained in 
subsequent paragraphs. 

(1) Excavation and filling. 

(2) Plain concrete in foundations and elsewhere. 

(3j Reinforced concrete. 

(4) Shuttering. 

(5) Reinforcement. 

(6) Finishing processes, asphalting, fixing machinery, pipes and the like, 
glazing, plumbing, waterproofing, refractory linings, joinery, etc. 

Bills of quantities should be prepared and expressed in accordance with 
one of the generally accepted methods in order to avoid ambiguities that may 
lead to disputes over measurements and payments for work done. In Great 
Britain there are three ‘‘ standard " methods in vogue. If the contract is for 
a structure of the building class under the direction of an architect, the Building 
Works method of measurement (sometimes calle'^ the “ London " method) 
should be adopted. This is the “ Standard Method of Measurement of Building 
Works," revised in 1935 and authorised by the Surveyors' Institution, the 
Quantity Surveyors' Association, the National Federation of Building Trades 
Employers, and the Institute of Builders. For a civil engineering contract the 
method given in the " Report of the Committee on Engineering Quantities " 
issued by the Institution of Civil Engineers should be used. In Scotland the 
use of the " Scottish Mode for the Measurement of Reinforced Concrete Work " 
(printed by H.M. Stationery Office) is general. The principal requirements for 
each of these three methods are considered here, but reference should be niade 
to the complete codes for further subdivisions dealing with details of special work. 

For small contracts and in other special circumstances, a summarised bill of 
quantities, similar to that in the example on page 314, may be sufficient. Rein¬ 
forced concrete of any mix is then given in one item in cubic yards ; likewise, 
shuttering is in square yards in one item, and reinforcement is in hundredweights 
or tons and separated in^o bars of f in. diameter and over and bars smaller than 
I in. 


Reinforced Concrete. 

For civil engineering works it is sufficient if in-situ reinforced concrete is 
measured in cubic feet throughout with separate items for columns, beams, slabs, 
walls, or other distinctive parts of the structure. For building works the bill is 
usually made up in greater detail, providing items for vertical, horizontal, circular 
and r^ing work. Slabs should be measured in square yards and the thickness 
stated, the measurement extending over all beams and columns. Falls should 
be described, and the angle of pitch specified when this exceeds 15 deg. Holes 
should be enumerated and described, but no deduction should be made for holes 
of two square feet or less in area. For stairs, the steps should be expressed in 

o 
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cubic feet or in lineal feet and the shape and size described, while landings should 
be given in square feet with the thickness specified. Finishes to stairs should 
be included in the concrete item. The foregoing are in accordance with both 
the Scottish and Building Works methods, which differ in respect to other parts 
of the structure. 

The Building Works method requires columns and beams to be measured 
in cubic feet with sections within the following limits kept separate: sections 
J sq. ft. or less, from J to J sq. ft., from i to i sq. ft., and over i sq. ft. Pro¬ 
jections on columns should be measured in cubic feet, numbered and described. 
The Scottish Mode requires columns and beams to be measured in lineal feet, 
and the shapes and net sizes specified. Projections on columns should be 
numbered and described. 

Both codes require walls to be measured in square yards and the thickness 
stated, but walls thicker than 12 in. should be measured in cubic yards under the 
Building Works method. Horizontal projections are measured in lineal feet; 
vertical projections not greater than 18 in. are measured as columns, but if over 
18 in. they are measured as walling of the appropriate thickness. 

Foundations are measured in cubic feet under the Scottish Mode but in 
cubic yards under the Building Works method, footings being measured separately 
and described; when less than 12 inch thick measure in square yards of specified 
thickness. 

Precast concrete units are measured by number and description in both 
the Building Works and Scottish methods, but in the Civil Engineering code 
precast work is measured in cubic feet, except slabs which are taken in square 
yards. Separate items are provided for all work of different descriptions and if 
2 sq. ft. or less in cross-sectional area; separate items are required for different 
sizes. If hoisting, fixing, or other labour is involved, this should be specified. 
It is necessary for the moulds and finishes to be included in the concrete price 
for precast work. 

Plain Concrete. 

Generally plain concrete should be measured in cubic yards, or in square 
yards when in work 12 in. or less in thickness. No deduction should be made 
for small cavities or chamfers, or for any rails, joists, or other materials built 
into the concrete. Where holes are to be left for bolts, these should be enumerated 
and described if 12 in. deep or less, and measured in lineal feet if over 12 in. 
deep. 

Concrete block work should be measured in cubic yards, the volume of 
the joints being included in the measurement and the provision of moulds included 
in the pnee. The size and approximate weight of the blocks should be given, 
and joggles and dowels should be enumerated and allowed extra over the 
block work. 

Shuttering. 

Shuttering is usually measured as the area of the finished concrete surface 
needing support, the price including for all props, boards, struts, cleats, battens, 
wedges and other items required to give adequate support and stiffness. Some- 



SPECIFICATIONS AND QUANTITIES 197 

times the measurement of the shuttering is omitted and the price for the concrete 
includes such temporary work as is necessary. On civil engineering work it is 
usual to subdivide the shuttering into items for vertical, horizontal, sloping, 
curved, and other special work, but on building work a larger number of detail 
items covering all contingent labours is given. The published codes should be 
referred to for full particulars of these sub-divisions and extras; the following 
are the principal requirements only. 

The Building Works code requires the shuttering to be measured in square 
feet for small areas, or square yards for large, all raking and circular cutting, 
splays, rounded edges, and the like being given in lineal feet. Chamfers and 
fillets not exceeding 2 in. wide should be included in the description for beam 
shuttering and not measured separately. Slabs sloping at more than 15 deg. 
to the horizontal are measured on both iaces. 

The Scottish Mode requires shuttering for walls and slabs to be measured 
in square yards of surface to be supported, with no deductions for openings 
12 sq. ft. or less in area. Shuttering tor beams and columns under this code 
should be measured in lineal feet and the size and shape specified. 

Reinforcement. 

The quantity of reinforcement can be determined by a number of methods. 
At one Extreme the weight can be roughly assessed from the type of structure 
and volume of concrete, or the precise weight can be calculated from the detailed 
reinforcement bending schedules. The amount of steel in a normal reinforced 
concrete structure can vary from i ton to 5 cub. yd. of concrete to i ton to 30 
cub. yd., so that any estimate based solely on the quantities of concrete can be 
taken as a rough guide only. Application of the ratios taken from actual 
jobs, and set out on p. 198, gives closer approximations for different classes 
of structure. 

If detail drawings or even typical details are available without bar lists 
or bar-bending schedules, a more accurate estimate can be made by investigation 
of the principal reinforcement to be provided. For this purpose the principal 
reinforcement in a beam or slab can be considered as the horizontal bars near 
the lower edge at mid-span. The whole of the longitudinal bars in a column, 
for the present purpose, comprise the principal reinforcement. The area of 
this steel {A square inches) can be computed from the data given in Table No. 
25 (page 267) (areas of round bars of various numbers and spacings), and ihe 
approximate average weight of reinforcement {W lb.) per foot run of beam or 
column, or square foot of slab, can be calculated from 

W =KA 

where K has the following values: 


Non-continuous beams .... 


to 

6 

Continuous beams. 

6 

to 


Cantilevers. 

4 

to 

6 

Ccdumns ....... 

5 

to 

6 

Continuous slabs spanning in one direction 

5 

to 


„ „ „ „ two directions 

4 i 

to 

7 h 
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Concrete-steel Ratios. 


Type of structure 


Cubic yards of concrete per 
ton of reinforceinent 


Buildings : Warehouses. 

Factories. 

Domestic buildings. 

Retaining walls : Dry firm ground .... 

Wet loose ground .... 
do. with piling 

Bridges : Girder bridges. 

Arch bridges. 

Culverts .,. 

Water containers : Pump wells, etc. 

Open rectangular tanks 
Covered rectangular tanks . 
Swimming baths .... 
Open circular tanks . 
Covered circular tanks . 
Pyramidical tanks in ground 

Water towers : 20,000 gall. 

80,000 .. 

125,000 .. 

Industrial structures : 

Rectangular bunkers. 

do. landsale type. 

Circular bunkers. 

Elevator pits. 

Slurry towers. 

Pit headgears. 

Silos. 


10 

to 

15 

14 

to 

20 

15 

to 

20 

18 

to 

23 


14 



12 


10 

to 

15 

8 

to 

12 

15 

to 

18 


10 


10 

to 

18 

10 

to 

15 

18 

to 

24 

15 

to 

20 

10 

to 

20 


8 


10 

to 

15 


10 



16 


8 

to 

10 

12 

to 

15 

15 

to 

20 

10 

to 



8 


Si 

to 

15 

9 

to 

15 


For slabs and beams the smaller figures apply to cases where there is no 
steel in compression or no special shear reinforcement; the higher figures apply 
where there is equal steel in compression and tension or where heavy shear steel 
is provided. The smaller figures for colunms apply to minimum binding, and 
the higher for heavy binding or where loose splice bars are provided. For slabs 
spanning in two directions, A is the sum of the areas required in each direction. 

The unit weight W multiplied by the length (ft.) of the beam or column or 
by the superficial area (sq. ft.) of slab, gives the approximate total weight (lb.) 
of reinforcement in the member. For special members such as important beams, 
arch ribs, etc., an approximate steel list should be made up and the weight com¬ 
puted by multiplying the total length of each diameter by the unit weights 
(Table No. 26, page 269). The weight of reinforcement in panel walls or other 
slabs with uniform reinforcement throughout can be foimd by multiplying the 
area (sq. yd.) of the wall or slab by the appropriate weight per square yard and 
adding sufficient for laps. 

If a set of fully-detailed bar-bending schedules to be read in conjunction 
with the working drawings is available, the steel weights can be calculated 
precisely by using Table No. 26. 

For the purposes of demonstrating the application of the two methods, a 
reinforcement detail of a beam is reproduced in Fig. 48. The weight of steel in 
this member could be calculated in the following manner. 

(a) Approximately—Assuming that the bending particulars of each bar 
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were not given, an approximate weight could be estimated by considering the 
principal reinforcement. This is specified as four J-in, diameter bars. The cross- 
sectional area of these bars is 2*41 sq. in. In view of the fact that there is 
no compression steel at mid-span and inclined bars are provided for resistance 
to shear, a suitable value for K would be 6. The average weight of steel per 
linear foot of beam would therefore be 

6 X 2*41 = 14 lb. per foot. 

The length of a single span of the beam between the support centres is 18 ft. 
Therefore the estimated total weight would be 

18 X 14 = 252 lb. = 2i cwt. per span. 

(b) Accurately—Detailed particulars are given for every bar in Fig. 48. 
The total weight of reinforcement in one span can be calculated by tabulating 
the total length in each item and multiplying the summation of these lengths 
by the proper unit weight. It is necessary to adopt some system in taking out 
steel weights in order to avoid confusion and facilitate checking. Such a system 
is as follows: 


Diameter 

No. 

Unit length 

Total length 

Weight 

in. 


ft, in. 


(lb.) 


2 

20 0 

40 



I 

28 9 

29 



I 

31 0 

31 





100 X 2*044 

204 

i 

2 

16 0 

32 X 0*667 

22 

\€ 

29 

4 6 

I31 X 0*261 

34 





260 




say 

2^ cwt. 


Reinforcement quantities for round bars are generally given by weight, 
(say) in hundredweights ; bars { in. and over are given in one item, while all 
diameters less than f in. arc given separately. Bent bars are not usually kept 
separate from straight bars unless there is a predominating weight of the latter, 
as in piles or panel walls. The unit rates should include for all labour, for tying 
wire, and for the miirs rolling margin (nominally 2^ per cent.). Some indication 
of the length of bars and type of work should be given, together with the basis 
of calculation, and bars over 40 ft. and less than 5 ft. should be separated. The 
method adopted for civil engineering works is more or less in agreement with 
the foregoing. A comprehensive clause for describing a reinforcement item to 
enable the contractor to give a keen quotation would read: 

Item : Supply, handle, cut, bend, crank and fix mild steel bars 
|-in. diameter and over, but not exceeding in. in diameter, 
in main reinforcement in beams and columns to all floors and 
roofs and in foundations, supplied in lengths averaging 25 ft. 
and not exceeding 40 ft. The price to include for tying wire, and 
no allowance in the weight paid for shall be made for rolling 
margin. The weight of any bar shall be computed from the 
length given on the drawings or descriptive lists, the weight in 
pounds per linear foot of bar being calculated as equal to 2*67 
times the square of the specified diameter of the bar 2340 cwt. 
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“ Item: All as in last item, but |-in. diameter bars for column 
binders and links, beam stirrups, and reinforcement in slabs 
and walls .......... 360 cwt." 

The standard methods for buildings conform to the Civil Engineering code 
in most requirements but differ in the following particulars. In the Building 
Works method of measurement bars over 30 ft. long should be kept separate in 
items for each 10 ft. advance. Separate items should be given for bars, whether 
bent or straight, stirrups, helicals, bars bent to large radius, special deformed 
bars and high carbon steel. Bends in the latter material should be enumerated 
and described as forged bends. Reinforcement for floors, roofs, walls, beams, 
and columns should be kept separate. , 

The Scottish mode requires each diameter, as well as bars under 6 ft. and 
over 30 ft. in length, to be kept separate. An allowance of 2J per cent, is to be 
added to the weights to allow for the rolling margin. Separate items are required 
for stirrups, ties, and helicals. 

Mesh reinforcement requires special treatment in bills of quantities. It is 
usually given in square yards, and the Building Works method and the Civil 
Engineering and Scottish modes require the measurement to represent the net 
area of work covered, and the amount of overlap stated. Waste and square 
cutting should be included in the price per square yard, but raking (or angle) 
and circular cutting and waste should be measured in linear feet and billed 
separately for extra labour. The make and grade of mesh should be stated, or 
the gauge of wire, weight per square yard, and other properties described. 
Labours in fixing, bending, etc., are included in the rates, unle.ss the mesh is 
supplied by the manufacturers at a lump sum, when handling, cutting, bending 
(if any), and fixing should appear as a separate item. 

When the supply of reinforcement or labour or both is subject to sub¬ 
contract, it should be clearly understood who does the cutting and hoisting and 
who supplies the tying wire. 


Reinforced Concrete Piles. 

Where piles occur in civil engineering works the concrete should be measured 
in cubic feet calculated on the cross-sectional area and overall length. Concrete 
in piles of different cross-sections should be given separate items and the price 
should include the moulds. The reinforcement should be given in hundred¬ 
weights and should be sub-divided into bars, links, and helical binders. Forks 
(in cwt.), shoes (in number), and ferrules (in number) should be given separately. 
Whether the piles are driven to a given level or to a given set, the measurement 
can be either in number of piles or in linear feet of penetration, depending on the 
circumstances of the particular job. Grouped piles, isolated piles, sheet piles, 
raking, and trial piles should be given separate items. 

The piles should be enumerated for pricing, handling, and pitching, separate 
items being given for pile lengths up to 30 ft., l^tween 30 and 40 ft., and so on in 
intervals of 10 ft. For cutting off or stripping pile heads, or stripping for junctions, 
the piles should be enumerated and separate items given. For piles that are to 
be lengthened in position, items should be given for the concrete and reinforce- 
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ment and an additional item for the extra cost of lengthening including stripping 
the exposed end. 

For piles driven in connection with building contracts, the methods of 
measurement stipulated by the Building Works code and the Scottish mode are 
practically identical and differ in detail from the Civil Engineering method. Such 
piles should be classified according to length and cross section, stating the num¬ 
ber of each, and the measurement should be in lineal feet of length cast, keeping 
trial piles separate. Moulds should be priced separately, and the number required 
for each class of pile should be given. An item should be given for handling 
and driving each class of pile, stating the number and depth and specifying the 
weight and drop of the hammer. Cutting-off heads of piles should be numbered, 
and shoes should be numbered and the weight given. Reinforcement should 
be given separately. For lengthening piles in situ, quantities of concrete, rein¬ 
forcement, and shuttering should be given. 

Earthwork. 

The quantities for earthwork, that is operations embracing excavation, 
dredging, and filling, are usually expressed in cubic yards, except for narrow 
trench excavation which is given in linear yards (of specified width and average 
depth), and shallow surface excavation and similar operations that are given in 
square yards. Generally, separate items are given for various depths of excava¬ 
tion, coinmencing at not exceeding 5 ft. and advancing in intervals of 5 ft. to 
the maximum depth required. These items should be further sub-divided to 
embrace the type of material to be excavated, for example, soft, hard, or rock, 
giving if possible some indication of the nature of the material, for example, 
gravel, clay, chalk, etc. Similarly, excavation in compressed air, .between tides, 
and below low water should be kept separate from excavation in free air or 
above high water. 

Unless otherwise stated excavation measurement should be net in the solid, 
no allowance being made for the space occupied by timbering, drainage trenches 
and sumps, or extra working space. Where working space is essential a separate 
item, in square or lineal yards, should be given, the width of such space being 
left to the contractor's discretion, unless the trade using the space requires a 
definite minimum width in which case this width should be stated. 

Unless special items are inserted in the bill, the price is deemed to include 
timbering (if necessary), pumping, and maintaining a level and clear bottom. 
If timbering or other retaining materials are to be left in position, items should 
be given for these ; timber should be expressed in cubic feet and steel sheet piling 
in tons. 

The price would also be assumed to include the removal and disposal of part 
or the whole of the surplus spoil and for any part return back-filling, including 
its consolidation. The place of disposal may be specified or left to the contractor 
to provide. 

Back-filling should be given a separate item if the material to be used has 
to be specially selected or placed in any particular way. Where filling is pro¬ 
vided for separately from the excavation the quantity should be based on the 
net measurement as shown on the drawings, and where soft ground is involved 
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the price should include for making good any settlement below the specified 
level over a given period. If additional material in excess of that available 
from the excavations is required, the quantity involved should be given in a 
separate item stating the position of the borrow pit or other source. 

Any existing brickwork, concrete, masonry, or similar materials demolished 
and removed in the course of the excavation should be included in a special item 
allowing for the measurement of such materials in cubic yards and for the price 
to be extra over the excavation. Boulders, up to a sf)ecified size (volume), 
should be considered as allowed for in the rate quoted for the class of material 
in which they occur, but boulders in excess of this size should be classed as rock. 

The quantities involved in dredging can either be based upon hopper measure¬ 
ment or on soundings (the latter is usually recommended) and allowances made 
or specified to cover silting, erosion, or other special circumstances. 

Ocher Operations. 

Other materifils sometimes associated with reinforced concrete are usually 
measured as next described on engineering works, but as considerable differences 
in practice occur on building works reference should also be made to the published 
codes of the various trades. 

Finishes to floors, walls, and roofs and similar work sliould be fully described, 
the number of coats specified, and measurement made in square yards of finished 
surface. This would apply to mortar renderings, asphalt, waterproof sheeting, 
special roof coveiings, granolithic, grout washing, and other surface treatments, 
^parate items should be given for horizontal and vertical work and for isolated 
strips i8 in. or less in width, the width being specified. Joints, laps, and laying 
of falls should be deemed to be included in the price, and no deductions in area 
should be made for small openings, such as for gratings and pipes. Angle plates 
should be given separately and measured in linear feet. 

Finishes to stairs and pre-cast members are usually given in the concrete 
rates for these items. 

Asphalt and other joint filling materials should be fully described and 
measured in linear feet. Joints in concrete work should be described and 
measured in linear feet. 

Brickwork and masonry for engineering works are usually measured in 
cubic yards and the composition of the mortar specified. Special facing would 
be measured extra over the general masonry or brickwork and expressed in square 
yards, while copings, plinths, and similar special work would also be extra to 
the general work and expressed in linear yards. Different classes of work should 
be kept separate. Pitching and masonry facing to concrete should be measured 
in square yards, the average thickness being specified. All prices shall be deemed 
to include for pointing. 

Permanent construction timberwork, including timber piles, should be 
measured in cubic feet; bolts and other connections should be expressed in 
hundredweights. Timber in joiner's work, for example, doors, floorings, etc., 
should be measured in accordance with the trade practice; this also applies to 
glazing, plumbing, ironmongery, and other similar items. Structural steelwork 
is expressed in tons and the rates usually allow for painting. Ccnmigated sheeting 
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is measured in square yards covered, the price allowing for laps and fitments. 
Steel sheet piling can be expressed* in tons or fully described and expressed in 
square feet, extra linear measurement being provided for corner and junction piles. 

3.—Taking-off Quantities. 


In order to render the process of taking-off the quantities from the drawings 
as accurate as possible a definite system should be followed. The adoption of 
a system also facilitates checking. Many firms have their own systems, but in 



the absence of such .the following method can be used for taking-off concrete 
and shuttering quantities. In this method the first column enumerates the 
number of identical items, the second column gives the three concrete dimensions 
in the order of length, breadth and depth ; the third column gives the total 
volume represented by the product of the three dimensions. The shuttering 
dimension is given opposite the appropriate concrete item. The following 
example, illustrating the method of measuring a single i8-ft. length of the rein¬ 
forced concrete gantry shown in Fig. 49, demonstrates the principal points in this 
method of taking off quantities of concrete shuttering. The items should be 
taken in order, either downwards from the top or upwards from the foundations. 
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In the following tabulation measurement is made from the top, commencing 
with the 6-in. slab. The longitudinal beams, the transverse beams, the columns 
and footings are then measured in this order. 


Slab 

Reinforced Concrete 
18' 0^ 

15' O"' 


Shuttering 
18' o-' 

15' 0* 
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Longitudinal beams . 

• 51' 

I ^ 

-135 

o"' 

6" 

a!' 

16' X 6^ 

2/16' 10* = 33' 8' 

17' 4" 

51' 0' 

2' 8' 

-13b 



4 


Transverse beam 

12' 

Y* 

- 34 

8^ 

8-^ 

8 ^ 

51 0 

12' 8" 

3'4" 





42 

Columns . 

. 2/1' 

1' 
16' 

— 14 

tT 

2^ 


2/4' 8' 

16' 6' 

V A 



\J 

-- - - A C. 


^54 

Footings . 

- 2/4' 

4' 

43 

o-' 

o-' 


0 0 


ii'^ av. -32 

- 30 2/16' 

6 ^ 


- 16 

258 cu. ft. 650 sq. ft. 

These quantities would be converted to cubic yards and square yards respect¬ 
ively, if necessary, and added to similar items before transferring them to the bill. 

4.—Cost Estimating. 

A reinforced concrete engineer has often to provide an estimate of the cost 
of structure he has designed. If he has connections with a contracting organisa¬ 
tion the necessary data and methods for making up the estimate would be avail¬ 
able, but if he is not in the position to be able to call upon such expert estimating 
services he can adopt one of two courses. The first is to send his bill of quantities 
and drawings to one or more contractors asking for a competitive tender. Unless 
there is a reasonable chance of one of these tenders being accepted this is not 
a commendable procedure, and, further, such a procedure usually takes up more 
time than can be spared in the preliminary stages. 

His second course is to make up an estim*ate himself, and it is generally 
sufficient for him to price out each item in his bill of quantities at the average 
prevailing rates for similar construction. Unless local rates are known, how¬ 
ever, this may lead to misleading results. If a priced bill of quantities for pre¬ 
vious work in the locality is not at hand, the rates given in technical periodicals 
can be adopted for the purpose of arriving at an approximate cost. 

The preferable method to adopt is to calculate the probable rates, basing 
the computation on current wages and material costs. There are three factors 
to consider, (i) Labour charges, (ii) Material costs, and (iii) General costs. 

Labour charges include all wages paid to workmen (exclusive of staff) on 
the site. The rat^ of wage payable to different classes of workers is given in 
most technical periodicals, and the man-hours required to perform any given 
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piece of work are given in the many text-books on this subject. Net labour 
costs may vary between the following limits: 

Concrete —including unloading, storing, and handling materials, mixing, 
transporting, placing, ramming, screeding, etc., 45. to 12s. 6 d. per cubic yard. 

Reinforcement —including unloading, stacking, sorting, bending, placing, etc., 
2S. to 7s. per cwt. 

Shuttering —including making, erecting, striking, or including cleaning, 
drawing nails, repairing, re-erecting, striking, etc., 2s. to 5s. per square yard. 

Excavating —for each time the material is handled (but excluding cost of 
transport of surplus, timbering, pumping or ramming) measured in solid (does 
not allow for rock excavation), is, to 2s. per cubic yard. 

The factors that cause the labour costs to tend towards the higher limits 
are small quantity of concrete in job ; necessity of washing materials on the site ; 
long distance from point of unloading to position in work, whether horizontally 
or vertically ; exceptionally dry mix of concrete ; concrete placed in small quan¬ 
tities, in narrow widths, or under water ; slab work where large amount of screed¬ 
ing per cubic yard of concrete required; small or short bars ; lack of repetition 
of bar bending or of shuttering ; curved work for shuttering ; hard ground to be 
excavated ; excavation within confined spaces ; deep excavation ; waterlogged 
ground ; tidal work ; etc. 

Similarly the absence or the opposite of the foregoing factors will tend to 
bring the net labour costs towards the lower limit. 

The material costs can be obtained from current quotations, and the amount 
of each kind of material required can be determined from the schedule of quan¬ 
tities. On Table No. 23 (page 263) are given the quantities of stone, sand, and 
cement required for a cubic yard of concrete of any mix. To these net quantities 
must be added an allowance for waste; an increase of 10 per cent, on the net 
quantities of sand and stone is sufficient for measurement tolerances and waste, 
and 5 per cent, added to the net quantities of cement will usually allow for waste 
and for material used in making cement grout, etc. If applicable the cost of 
cleaning and returning cement bags should be allowed. If material is not quoted 
** delivered on site," the transport costs from the point of supply to the site 
must be included. 

An exact estimate of the general costs involved in any contract depends 
principally upon the contract time, the plant it is proposed to employ, and the 
generd planning of the work. These general costs include overhead charges, 
head-office costs, drawings, site staff (foreman, engineers, surveyors, clerks, 
watchmen, etc.), lighting and hoardings, insurance, licences, legal charges, loss 
of interest on retention money, contingencies, profits, and plant charges. The 
plant charges include the first cost (or depreciation) of all mixers, cranes, hoists, 
chutes, bending machines, circular saws, lorries or wagons and tracks, etc., that 
may be brought to the site, in addition to the costs of carriage, erection, dis¬ 
mantling, removing, spares, etc,, that may be applicable to these pieces df plants. 
Such items as small tools, consumable stores, fuels, oils, timber, scaffolding, 
barrows, ropes, bolts, offices, stores, etc., are also included in this item. In 
detailed estimating it is usual to allocate the charges of each particular piece of 
plant to those items in the schedule to which it applies, but for an approximate 
estimate of abnormal type of reinforced concrete structure in which profits do 
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not exceed 10 per cent, a most convenient and fairly accurate method of allow¬ 
ing for all the charges under the heading of general costs is to increase the net 
material costs by 15 per cent, and the net labour cost by 40 per cent. For jobs 
under, say, £1,000 or for very large jobs this method is not dependable, and such 
work should be estimated on a more precise basis. 

The method of making up cost estimates from published unit rates is given 
in the pages following Table No. 40 (p. 301). 




PART II 


TABLES AND EXAMPLES 
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EXAMPLES ON USE OF TABLES Nos. i and 2. 

(a) To find the intensity of total load on a 4i-in. flat roof slab, with an average 
of IJ in. of screeding and J in. of asphalt: 


Superload (for slab design, see Table No. 2) 

= 50 lb. per sq. ft. 

Asphalt =0*5 X 12 (Table No. i) 

~ 6 ,, ,, ff 

Screeding =* 1*5 x 10 (ditto) 

~ 15 »» »» »> 

Slab — 12 X 4J (ditto) 

“ 54 f* f* 


125 „ „ „ 


{b) To find the intensity of total load for a 4j-in. floor slab in residential con¬ 
struction which spans 9 ft. and is surfaced with i-in. boarding. 

Since the span is less than ii ft. 2 in. (see Table No. 2) the minimum live load 
will control. 

Hence superload == J ton/9 ft. == 62 lb. per sq. ft. 

4j-in. slab = 54 „ „ „ 

i-in. boarding =3 »» »» »» 

Allow for runners — i „ „ „ 

Plaster on soffit =5 „ „ >, 

125 „ „ „ 

{c) To find the equivalent intensity of load due to a 3-in. hollow block partition 
9 ft. high plastered on both faces and supported on a floor slab spanning 10 ft., the parti¬ 
tion being placed at midspan and running normal to the span : 

Weight per foot run of partition = 12^ lb. x 9 ft. — 113 lb. per ft. run. 
Plaster = 2 x J x 9 lb. x 9 ft. =81 „ „ „ 

194 M M M 

Equivalent distributed load (see Chapter II) w, = 2p. 

194 

p = —- = 19-4, hence = 2 x 19*4 — 39 lb. per sq. ft. 

(d) To find the total load per foot run of secondary beam in office ground floor 
construction ; 5-in. concrete slab surfaced with }-in; granolithic and plastered i in. 
thick on underside. Beams 10 in. net depth, by 6 in wide, span 20 ft., at lo-ft. centres. 

Superload from 10 ft. width of slab — loft. xSolb. — 800 lb. per ft. run of beam. 
(Check total superload = 800 x 20 = 16,000 lb. 
which exceeds the minimum of 2 tons—see 
Table No. 2.) 

Dead load per sq. ft. of slab : 

5-in. slab = 60 lb. 

Partitions (min.) = 20 „ 

|-in. granolithic = 9 „ 
i-in. plaster = 5 

Dead load on beam from slab == 10 ft. x 94 „ 

Beam rib 10 x 6 

Plaster on sides of rib = 2 x 0-83 x J x 9 


Total 

(e) To find the total load on a 9-in. by 9-in. lintel spanning a clear opening of 
7 ft. and supporting a 9-in. brick w^all (buUt in cement) ; height of wall exceeds 6 ft. 

Height of 60 deg. triangle on 7 ft. base ~ = 6*04 ft. 

Weight of wall at 10 lb. per inch thickness = 90 lb. per sq. ft. 

6*04 X 7 

Do. carried on lintel =« - —^ —- x 90 » 1,900 lb. 

. Weight of lintel **9x9x7 «= 567 „ 


= 940 lb. per ft. run. 
— 60 „ „ „ „ 

= 8 „ „ „ „ 


= 1008 


Total load ** 2*467 „ 
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LOADINGS. DEAD LOADS 


WEIGHTS OF MATERIALS 


L6. PER^ CLH 5 IC FOOT. 


RciNFORceo ooNceere 

DeSiGN LOAD. 

144 

WITH 1 % STEEL 

146 

• z% • 

" 5 % • 

■ ‘ 

lull 
174 
! 2 ; 4 ) 145 

PLAIN concrete (1 

WITH dallast ago. i 4 o 

F BRICK 

• 116 

• BRcexe 

• 72 *no <50 

■ PuMice 

" 54 i 

granite 

1^5 

voekstdne 

140 

LIMESTONE 

1^6 

SANDSTONE 

140 

Slate 

160 

terracotta 

112 

HOLLOWCLAV TILE 

4 oid 5 o 

PIREDRICK ( special) SG 

PACKEO STDNE RUSSLE l 40 

sand 

^ibllO 

ballast 

100 -TDI 20 

MACADAM 

150 

HAROCORE 

120 

ORT EARTH pilling 

lOO 

PuooLEO CLAY Filling ISS 

GRANITE SETTS 

IGO 

WOODELOCK PAYING 

So To<bO 

timber - GENERAL 

4 o to SC 

Yellow PiNe 

So 

Red pine 

Sor> 4 s 

SPfDJCE 

Soto 45 

LARCH 

S 5 

ELM 

35 

Teak 

40 tD 55 

Pitch pinb 4*1 to 45 

ENGLISH OAK 

45 IbC^O 

Jarrah 

5 BpGO 

Greenheart 

7 Std<S* 


15 

do 


WMMTS 0»« UlQOiOS 
STOCftO MAnr«CtAl4^, K.VC., 

see TAeue N* 4>. 


LB. PER SQUARE FOOT. 


TABLE N 9 I 


(SCK AL«o B.S.N*C 4 ft) 


Lft. Pee souARe fogt 

ONC INCH THICK. 


concrrte slabs t- 


total 

SOLID HOLLOW 

thickness 

R- C- 

tile 

4* 

4S 


5* 

60 

43 

(o' 

72 

46 

nv,/: 

eo 

54 

2>' 

106 

66 

I05y 

126 

7S 

12." 

144 

64 

WALLS:- 



d" 6(eiCKWORK 


3 SReet^B partitions 20 

2 HOLLOW Block 

6 

3' 

II 

12^2 

4' 

m 

15 

UGht steel framed walls 

WITH 4V-E BRICK PANELS, 

WINDOWS. ETC . 

30 

CORRUGATE O 

SHEETING : 

. 

GALVft IRON CwiTH bolt) 

3 

ASBESTOS 

-cement 

h 4 

LATH AND PLASTER 

6 

WINDOWS 


5 

DOORS 


6 

Slates 


6 

earthenware tiles 

14 

Pan tiles 


lO 


LEAD SHEKT 

S9J^ 

ODPPER SHEET 

47 

fiRONZe, quNHETAL 


Steel, Rduleo or caet 

4o3^ 

Plasterboaed 

iVz 

5ALLAST 7)k ^ SVt 

wrought iron 


CAST IRON 


TIN 

36 

spelter 

36}^ 

ZINC 

36:^ 

aluminium 

14 

timber BOARDt^4G 

3 

asphalt 

12 

MORTAR SCRSEDiNG 

o 

UME plaster 

6 

granolithic 

12 

TRRRAZZO 

12 

Reinforced concreie 

12 

GLASS 

14 

common brick ih pc. 

lO 

“ • IN LIME 


HARDCORE 

lO 

Firebrick, (special) 

5 

WOOD PAYING 

4/2 

RUBBER PAVINq 

5 

WfoeebouHO macadam 

li’A 

Tarmac ADAM 

tz 


Srickwork:- 

pfULSseo eetcKwoRic in ccmknt i^rtak a 140 te^ sq. rr. 

COMMON '• » H BS 12.0 •• 

■ •• Liivie " a I lO " - 


UNTeus SUPPORTING eeicK wauus 
eyreHT 'of wall carriro 

SHOWN SV SMADCO ARCA. I 


(COOPING (s»e N-SO'iaDOF TRUSSts" eWLOw) 
Pitched roof NCCUOINOi TRUSI^eA. puruins. 

ASeCATOS SHERTINO, WIND AND UVR LOADS 
COIUeu«.ATeD iron SHCCTINA and STEEL PURLINS 
SLATCS, eATTRHa* AMO StbRL PuRLiNS. 

Dtto With SOAROiNG, FRLT, ttTc. 

eoo's Glaxihg , astragals , Purlins , STC. 
WCLUOING all connections. 


Lft. PSRSQ. FT 
PLAN AREA. 

■a 50 
c 7 Tbe 
* I? TO IG 

« IB TO 20 
-»B Ls/sQ.n 

AioptHcViEnM: 


AveragR WRIGHT « NOMINAL WRIGHT OP SECTION PLUS lO %» ^0*5 CLEATS, ICiVeTS, SOLTS, CTC 
CbCTRA PDR stanchion CAPS AND SASCS) 

DITTO SEAMG « WeiGHT OF SECTION iNCuODiNa CUSATS Etc. PLUS 2J4%n»« «WSTS, SOLTS feTC 
DO. STANCHIONS « - " • - • « - B^/o • - • • 

^ OiTTO PLATC GiROeKS - -•••• - H . « - 

K WeiGHT OF STRRL GTAlRS ( SpT. WiDR INDUSTRIAL TYPR ) = /c CWT. PRR FT. RON. 

£ STRRU PRAMRO walls TP TaKR 4*/ t! SRICK panrlling . « 7 LS. Per so ft. of wall . 

J ~ I SPAN OF TRUSS IN PERT, 
e Strel -—- 

• CcwsiB ^PP^O><lMATfl WRIGHT IN 
^ WDf- LS. PER SO. FT. OF 



ft. op 


Bull head rails including sleepers( sFCLuoiNa ballast) ***IBoL s/prcuHOFt 

bridge rails including LONGITUDINAL SLEEPERS . . » (lO « » 

^AH. tracks COMPLETE Wl'OI EALLARTiNG . a tSO TO 200 LS/SQ. PT. 
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EXAMPLES ON USE OF TABLE No. 2. 

(See also page facing Table No. i.) 

(a) Find the total load on a column supporting a flat roof and ten floors including 
ground floor of office building. Total dead weight of roof can be taken as 60 lb. per 
sq. ft., and each floor 120 lb. per sq. ft. including partitions. Story heights, are 10 ft. 
and the average size of column is 18 in. square. The column supports a panel of floor 
and roof 20 ft. by 16 ft. 


Loads per sq. ft. 



Dead load : Roof 


60 lb. per sq. ft. 

9 No. upper floors 


1,080 

Ground floor 


120 

Live load : Roof 


30 „ „ 

9th == Top floor 


5 ^ 

8th floor 

— o<) 


7th ,, 

0-8 


6th „ 

0-7 


5 th „ 

^ 0-6 


4th ,, 

0*5 


3rd, 2nd and 1st — 3 x 0*5 

S' 

5*0 X 50 - 

250 ,, „ 

Ground floor —0-5 x 80 


40 



1,630 ,, ,, ,, 


Load on column — 1,630 x 20 x 16 = 521,600 lb. 
Wt. of column = 18^ x 10 x lo ft. ^ 32,400 ,, 


Total load 564,000 ,, 

(6) To find the overturning moment due to wind on an exposed water tower 
consisting of a 20-ft. diameter tank 12 ft. deep, supported on an enclosed square 
tower, average width 14 ft. The distance from ground level to the underside < f the 
tank is 50 ft,, and 3 ft. from ground level to foundation level ; 

Wind pressure on whole of exposed tower (from Table No. 2) 29 lb. per 

sq. ft. of projected area, for structure 100 ft. high ; for less than 100 ft. 
take 25 lb. per sq. ft. 

Wind on tank ; Total pressure ~ 20 x 12 x 25 x o-6 — 3,600 lb. 

(o-6 reduction factor due to circular shape.) 

Centre of pressure == 3 -f 50 -f “ == 59 ft. above foundation level. 

Wind on sub-structure : 

Normal to face : ~ 14 x 50 x 25 ^ 17,500 lb. 

Normal to diagonal: 14 ^2 x 50 x 25 x 0*80 = 19,800 lb. approx. 

(o-8o — deduction factor for wind normal to diagonal.) 

Centre of pressure = 3 + ~ 28 ft. above foundation level. 

Overturning moment (about axis parallel to face of tower) at foundation 
level: = (3,600 x 59) 4- (17,500 x 28) = 700,000 ft.-lb, 

Overturhing moment (about diagonal) ~ (3,600 x 59) + (19,800 x 28) 
= 766,000 ft.-lb. 




WINO PRSSSOR& I bRIOCbftd ROOFS STAIRS I FLOORS 
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loadings 


OCSCRtPriON 


supeRiMposeD loads. 


TA5LE 2 . 


fx - RcaoiReMtNTs of 

LOMDON SOILDING 5V-LAWS.) 


MOTftLS ANO hospitals 
OAOROOMS, WARDS, ETC. 
PUSHC SPACES> 


opFice FLOORS 

eNTRANCS FLOOR AHO | 

SRLOW. (X ^ 

ADcwE entrance FLOOe^* 


Retail SHOPS, 

C»4URCHeS AND SCHOOLS. 
RCAOiNG ROOMS. j 

ART OALLtRieS. 


ASSCM&LV and dance HAO! 
Restaurants and cafiCs . 

GR AHOST AN D S, 

SYMKlASlA AND DRILL HALLS, 

tmcatre and cinemas. 



REMARKS. 


STAIRS INCLUDING CORRIDORS A*-5* 

and landings. (x) (min ) 

Ditto within curtilage 

OF residence.. (x) 50 11- 2 " 




NOAl>^ALJ MINT MINIMUM TOTAL LOADS ARB 
LS.PCR TOTAU uniformly DiSTRSuTEO 
SO FT. UOAO AND FOR SLABS APPuV ID 
FLOOR ('TION) StRH» one FOOT WiOE. 


designed for same 
SOFERIMPOSEO LOADS AS 
BEAMS. 

FOR OFFICE floors ALLOW 
A MINIMUM ADDITIONAL DEAD 
LOAD OF ^ UD. F»ERSO FT. 
FOR INTERNAL PARTITIONS. 


FOR DOlLOiNGS MORE THAN 
Two STORIES HlGH-.- 
LOAD REDUCTION FOR DCSlGN 


OF COUJMNS, WALLS AND 

FDonoationS - 

ROOF AND TOP floor:- I00% 
Live LOAD. 

2**“ FLOOR FROM TOP.- ^0% 

i/** ■ “ •* > 80% 

4^** - ' • 70% 

S^ * - - 60 % 

6^- - • - > 50% 

AND tCWCR floors. 

(this Reduction only affliES 
TO floors for which L*VB 
LOAD «* OR -< lOO LE/rT v 


SEE table 4 



INCLINED (> ZO* TO 

HORltONTAL) 




LOADS PER SO. FT. PLAN AREA. 


R>e EuFFarriMt; etroctorr 
and foundations.*— 

10 LB.PER S^.FT. fLAwN area. 



224 INCREASE FOR SPANS < tOPf.U WEIGHTS OF ROAD AND 
^WlTH DECREASE FOR SPANS >75«|^«L VEHICLES, IMPACT AND 
M-O-T LOADING SEE CHAP E I OiSRERSlON,ETC. SEE 
impact; ^ 5 S»eTABLE 3. I Tablbs N*>* 8 C 4-. _ 

Au-PERNATlVe : -- 

3 To 5 TONS POINT LOAD . 


O.E>-5' Minimum load. 



unloaded 

LOADED 
ROAD BRIDGES 
ELY. BRIDGES 


EXPOSED HEIGHT (feet) 
STRUCTURES PRESSURE (lB/FT*) 


REOUCTIQN factors (x 


STOR.eo materials . 


NEGLECT WIND WHEN HEIGHT WIND PRESSURE gO‘OQ3 V 
IS LESS than TV/ICE width VELOCITY 
IN DIRECTION OF WIND. V' DISCRiPTiON 


8.S. S. PRESSURES. 


FOR VALUE OF EFFECTIVE 

arra see Cmapt. H . 



HIGH WIND 

5 

GALE 

5 

sidrm 

11 

hurricane 

25 

violent 

hurricane. 

30 


BCr ALSO CHAFTCC jc. 

O’G FOR cylindrical Sorfacss, 0 *B for other shapes. 


FOR weights of liquids AND OTMEJE StORRO MATfiRlALS 
SEE TABLE IS®-4. 

For loads on bottom of containers see chapter jm 
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NOTES. 



ROA.O MOTOOS. VeHlCL.£S STEAM ?OW> VSHlCLftS Vev4lCLaS 


LOADINGS. 


OeSCRIPTtON 
/m .O.T « MINISTW 0*« 
TiCAH&MOieT) 


VEHICLES). 


LOA^O 


TABLE N 9 3 . 


WlOTM 

W 


IjOCOMOTiV* 2O1&25 

RL-V. WAGON : 20 T. I IS 


40 T I « 4 y 4 


orrro 40 t < 4^4 50 

t<(am : 4 wKeeL«o .. 7 _* 4 :— 

SwMteuGo 22 ^ 

COLUitR-Y Tue»S ^ Tto %. ^ TO 1^2 



4 '- 8 ^ 4 * 


n‘-G* I 4 :- 6 W 


4}-&ii* 


ROAO loco^M o t)| > 

OrpTO. I^TON. 

6T»».M toi \ 

STEAM WAGON(m. 0 .t) 
DITTO S TON. 


^KlVKTE CAfCS 20 M.R 
DITTO 40 HP. 


MOTO« C<U*S A«0 
c<k« 5 C*^ O T 'Xxci.uoiHa 
STimeT OLCIkMNG AND ^ 8 

SiMilX VCHICkCS. 


Tlt<klLe«6 (m.o.t.) 

'•tlMUtE T«AH6PO(eTiNa 

IQ9UNO TIMffWA g 


TltlMUtE T«AH6PO(eTiNa 
IQ3UNO TIMffWA 

Cmo-t") 

^RTlCOCATeO VEHiCUt 

Cm.o-t) 
Motor coach 

GlM<SiA>D«C.K SOS 
(LONDON ) 


I DousLs - oecK SOS 
I (LONDON ) 


TftOLLRV SOS 
G WHS&Leo 
C LONDON) 


British standaro 

SPSCIPICATION UDAOING 
POR <OAO BRIDGES 
( 6 . 5 . 5 . m 155 ) 

TVP6 A 

LOADS WITH COAO 
MULTIPUE OP ISUWTS. 
(iWlP^kcT RXCUODSD) 




ENGlHR 

TRAIV.ER 

trailer 

TRAILER 

(2o*A tons) 

tons) 

Ci5/l tons) 

(i^-z tons) 


SEE Pl<s. I CHAOTRE u. POE LOADING ON 6eiCH3BS. 

MAy. load on transverse strip 'Z PT WtOR * lO TONS ^EOADS) 

B.S UOADIMC TYPE A (^"O* 15 w»N»Ts) ACCEPTCp M. o.T. |m UiEO OC 
ETANOnllO LOASTN^ (^P*I4) 

SEE. 12 FDR IfHFRCr PjACtWeS FOE e.^* i-<»AOlN<; FDR RPAO QR\OGE5. 

SEE E.S.N2I65 FbR LGADiMi; A«o iwifAcr PATTORS PbE Raionatbrio 
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EXAMPLES OF USE OF TABLE No. 4. 

(a) To find width of deck slab of a road bridge assumed to carry a tractor wheel 
load ; slab 10 in. thick with 4-in. road metalling ; span of slab 7 ft. between longitudinal 
beams (i.e. L == 7 ft.) : 

Longitudinal dispersion : 

a = say, 12 in.; D — 4 in. 4- say, 8J in. = i ft. oj in. 

^ = a + 2D = I ft. -f 2 ft. I in. = 3 ft. I in. 

Transverse dispersion : 

h = say, I ft. 6 in. ; B — 1 ft. 6 in. -f 2 ft. i in. — 3 ft. 7 in. 

According to an American rule : S = 0*67 (L B) A 

= 0-67 (7 ft. 4 - 3 ft. 7 in.) 4 - 3 ft. I in. 

== loft. 2 ill. 

(b) To find the maximum total load on a 12-in. concrete slab supporting a single 
line of standard railway over which can pass at slow speeds any size of locomotive : 

Load from ballast (12 in. thick), sleepers, chairs, rails, 

etc. (Table No. i) = loo-f- 180 = 280 lb. per sq. ft. 

Concrete slab = 12 x 12 = 144 „ „ „ 


Total dead load = 424 ,, „ „ 

Dispersion of wheel loads (Table No. 4) : 

D — say, i2-in. ballast + loj-in. effective depth of slab = i ft. loj in. 
A = 2D distance over two sleepers (= min. at joints) = 3 ft. 9 in. 
4- 3 ft. = 6 ft. 9 in. (This dimension should not exceed distance between 
axles of locomotive.) 

B = 2D 4- length of sleeper = 3 ft. 9 in. 4- 9 ft. = 12 ft. 9 in. 

20 X 2 24.0 

Axle load of 20 tons (Table No. 3) = - =521 lb. per sq. ft. 

For infrequent passage and slow speed of such a heavy axle load, allow 
25 per cent, impact. 

Total load — 424 4- (i’25 x 521) = 1,075 lb. per sq. ft. 

Alternative : Total static load (= 424 4- 521) plus 15 per cent, for vibra¬ 
tion — 1,086 lb. per sq. ft. • 

(In normal main line railway bridge construction, longitudinal rail beams would be 
provided, thereby relieving slab of traffic load.) 


(r) To find the equivalent uniform load at the support section of a beam 12 in. 
wide, spacing 10 ft., span 20 ft., fully continuous, in garage floor construction ; max. 
wheel load = 3 tons. From TMe No. 4, / — 0*965 and w = 330 lb. per ton of wheel 
load. With P ~ 3 tons, equivalent uniform live load = 1*5 X 330 x 0*965 x 3 
= 1,430 lb. per ft. run ; compare with normal load of 120 lb. per sq. ft. = 10 x 120 
— 1,200 lb. per ft. run. Hence point load will control; to the load of 1,430 lb. 
per ft. must be added the dead load of the slab and beams. This combined load, say 
2,000 lb. per ft. run, will only affect the bending moment calculations, and should be 


incorporated in the expression 
on 1*5 X 3 tons, plus the dead load shear. 


2,000 X 20* X 12 
12 


in.-lb. The shear force will be based 



LOADINGS . 


LIVE. LOADS . TA 5 LE N*? 4 . 




Alcohol 

5^ 

Coal - anthracite 

52 

PARAFFIN 

50 



AfVtMIONiA 

SQ> 

OUST 

5G 

PETROL 

44 



ASHCS 

4o 

COKE 

35 

PETROLEUM OIL 

Si 



6ARLRV 

2>5id4o 

COLUIERV OIRT 

70 

SeWAGiE 

621075 



BRBLR (^PeRMCNTINO) 

M 

Cotton in bales 

151040 

shale 

70 

di 

J 


5eN2.iNt 

4^, 

FLOUR 

4oib45 

SLAOi (basic) 

n2 

4 

V-* 

SITOMRN 

52> 

GRAvei. AHO SAND 

9>OtoiiO 

STONE (CROSHEO') 

100 


a 

BRcieze 

35 

HAV Ar«u» STRAW 

IS TO'ZO 

SUOAR 

50 

If 

w 

6 

CSMCNT 

74 TO 114 

IRON ORB - Spanish 

ISO 

SULPHURIC ACiO 

ns 

5 

U 

1 NORMAL VALUE 

<5o 

“ Swedish 

230 

TAR 

64 

J 

ti 

1 Loose 

80 

LiNSEEO OIL 

SC* 

TEA 

28 


t 

1 IN BAGS 

64 

milk. 

GS 

turpentine 

G2 

2 


j IN BAeRELS 

Gs lb 84 

MiNCRAL OIL 

58 

* WAT*R - FRESH 

62-4 

(y 

S 

Coal - SOHO 

6o 

NAPHTHA 

47 

- S6A 

64 

g 

J 

CROAMRO-WASMtO SQ> 

OATS 

2STb30 

WHEAT 

4o ib45 

in 


• - uNwASHeo 58 

PAPtR 

60 

Wine 

62 



1 FOR WeiCHTS AND Pi^eSSURES OUE TO MATERIALS IN WATER, *be.E CHAPTER HE. 


MINIMUM tOA.D 


rTMl5 USAOlNa COH^OKMS 
< To LOHCX 3 N 50 <t.OlNG 6 Y-i. 


NCT WCMiMT NO*?MAL LOAO PWt Sa 
OP QP ^■LOOg .. ... ’ _ V TO LOHCX3W ftmiOtWft &T-i. 

V —1/ SLAfcsC*<^«C»-€>&PAW)l &LA.e>S ^'•tsN UNIPOPMUT t>lSlWlB.OT*0 ON STRIP OHft FT WlOC 

^ TONS j OJEAMsT- *2 tons UNlPORMLY* 0«iT*tiftOTeO. 


^ C'^ TONS 


<|;^ I • 5 X MAX. COMBINATION OP WNCmL UOAOS . 
MlNn^ WWettL LOAD a ONE TON . 


CaUIVALCNT UNIPORMLV DiSTaiBurE.O LO/X& fu)') ~ 0 «? C>. M . CALCULATION 


lO'-O* 


SPAN OP SLACS 




4‘-o” 

360 

3iO 

360 

320 

360 

3oo 

360 

340 

360 

2<5S 



■Steins 


0*<^2O 


u—a OP b 



U--A ^gg^.Si? 

RfimFOPCA MCMT. 


>.i 

lmcptJ 





FOR WV 40 l-« 
PVLt LOAD 

5« 20 *► 
UCNfiTl^OF 
SC»tP«« 


0»SP&IRSION OP •f-'ZD 

. Road whirls 

fate A uo p,i 7 j e> = b + 2 D 


3 «• CONTACT- UBMCTK f 0*TO I'Z') 6»e«l» 

b » TVR.e wiOTH fG* TO 16*) A»s»'2:'C> 

WIOTN OP SLPS CARRYING LOADaS«|[L4.e>]4.A. 1 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 5. 

(a) To find total horizontal pressure on the back of a vertical wall 15 ft, high 
retaining ordinary filled earth ; level fill subject to a surcharge of 2 cwt. per sq. ft, 
^IV): 

Assume for earth : w — 100 lb. per cb. ft. Angle of repose == 0 =r 35 deg. 
From Tad/e No. 5 : = 0-271. 

Intensity of pressure at base of wall due to earth backing and surcharge 
(Case 3) : p, = k^(wh W) ~ 0*271(100 x 15 4- 224) = 467 lb. per 
sq. ft. 

Intensity of pressure at top of wall due to surcharge : ^ 0-271 x 224 

= ^-6 lb. per sq. ft. 

h 

Total pressure ~ -{467 -f 60*6) — 0-5 x 15 x 528 = 3,960 lb. 

(h) A vertical wall 20 ft. high retains a heap of dry coal, the top surface of 
which is sloped downwards from the wall at the natural slope. Find the intensity 
of horizontal pressure at the base of wall, (a) neglecting friction on the back of wall 
and (6) allowing friction : 

From Table No. 5, «/ = 50 ; 0 = 35 deg. 

(a) Neglecting friction : = 0-205 

p^ == k^wh = 0*205 x 50 X 20 — 205 lb. per sq. ft. 

ip) Allowing for friction : AT* = 7 

p ^ = KJ % — 7 X 20 — 140 lb. per sq. ft. 


NOTES. 

Pressure due to Clay ,—The formula on page 26 gives the intensity of horizontal 
pressure (p lb. per sq. ft.) at any depth h ft. for clay having a weight of w lb. per cu. 
ft. The formula can be rewritten 

p = whk^ — 2AVT, 

where (from Table No. 5) applies to the angle a ; k and a have the values given 
on page 26. 

There is no pressure against the wall down to a critical depth where 



if the nature of the clay is prevented from changing. 

The maximum intensity of horizontal passive resistance at depth h is given by 

wh 2k 


p, 


(see also page 28). 



PRC 56 UPE Of CX)NTAINCD MATa?IAL 5 . 


MATCRIAU . 


FACTORS 

FOR 

VERTICAL 

WALL • 


— r Pi/ 

426 ' 

'405 k-co^e 

■520 ^ 

• BOMmaximum positive succMAffae. 



NOTES •■- 

FoicTioN NsaLEcreo. 

P * INTUNftlTV HOffiZt. PRIISS. 

Li «* unit iatt. or MUTtPiAi. - 5Cfi 
rA. 6 k.C 5 N^li« 4 FOftvALuC 
O • AN&ce or acpose. 

0( * 45* -f- 2 (App^oit) 


p^.lcjOJh 
^ lT 5 *ve 


__ 

MA^^»MUM NCGATIVC 


ALLOWIMS POR FRICTION 
ON VCRTICAL- wall. 

U Angle of friction 6't'n 

' |wlATCf?lAL C» CONCRCTC • 

5-k»b 


FOR FORMUL/E, POP ALL CONDITIONS OF VERTICAL AND INCLINED WtfkLLS SEE CHAR DT. 


^aSSHASSaS.. . a^ea-a, a^ea-a^,^.. 


DRV material • 


CCMENT 


WHEAT. 


AisITHRACITCe 


SAND* 


errvMiNous coal. 


ashes. 


tJ. 


■a 

RO 

IT** 

2 q« 

62 

46 

25® 

24® 

34 

52 

27® 

27“ 

4i 

QO 

35* 

O 

0 

10 


50 

35® 

35® 1 

33 

4o 

Esai 

msm 

23 
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REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLES OF USE OF TABLE No. 6. 


To find the horizontal pressures at various depths in a 20-ft. diameter bin 60 ft. 
deep containing grain ; and also the total load carried on the walls due to the filling : 

For grain take te; = 48 lb. per cb. ft. 

= 05 

tan fji — 0 444. 

Therefore p( = wC) = 48C. 

The values of C arc obtained from the table for 


Q = 0‘25 X 20 = 5 0. 


At 10 ft. depth : p ^ 4-0 x 48 = 192 lb. per sq. ft. 

„ 20 ft. =- 67 X 48 = 322 

,, 30 ft. ,, === 8*4 X 48 = 403 

„ 40 ft; „ =- 9*4 X 48 = 452 

,, 60 ft. — 10*6 X 48 ~ 498 

The load transferred to the walls of the bin by friction use formula given (on p. 28, 
Chapter III) for — 48 lb. per cb. ft. 


= (12H - o-^p)D 

= (12 X 60 - 0*5 X 498)20 

= 9,420 db. per lineal foot of circumference. 


NOTES, 

(a) The value of A — 0-5 in the Janssen formula is commonly adopted for rein¬ 
forced concrete bins, but Pleisner gives k ~ 0-30 to 0*33. Thus k — 0-5 is on the 
safe side for the calculation of the horizontal pressure and load carried by walls, but 
for vertical pressures on the bottom a value of k J is advisable. 

(b) Grain flows at 30 to 32 deg., therefore the valley angle in pyramidical hopper 
bottoms should not be flatter than 30 deg. 
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DEEP 5 IL 05 . 


Janssen's pormula. 


TABLE m G, 


cog 

TAN p 


['■=1 


p « HOI^lZONT/kl- PRESSUKt M UB5. PZff Sq. TT. AT OCf>TH H PT. 

U) WEIGHT OF FILUIMG IN LGS. PCR CU. PHT. (SEC TA&LC N** 5^ 

Q «= PLAN AttEA OF BIN IN 60. FT. 

PKQlMATER OF ftlN IN FT. 

jjL *» Angle of friction getwafn vsavll and pilling ( sec table n®. 5) 

V * VEOTICAL PRESSURE IN LE5. PER SR. FT. AT DEPTH H FT. 

k . horizontal pressur e , .5 granular materials) 

VERTICAL PRESSURE V ' 

^ H ic TAN U 

N sst NUMBER WHOSE COMMON LOG. jb. -»- 

2 - 30 BQ 

H * DEPTH OF FILLING IN FEET ABOVE POINT BEING CONSlOERBO. 


N^LUES OF C « “ 5 ^ 


VALUES OF Q. 



FOR TAN p « *444 \ k * • 5 


Ivll 

3*5 

3-1 

1 2*5 1 

IIB 

4-t 

5-G 

IBI 


BBi 

4*0 

3-2 

S 

moil 

4.2 

3-3 

G-O 

5*3 

■g 

mm 


8M 

G*5 

8*3 

G*G 




VALUES OF Q, 

SQUARE bin; o'xo'; Q • *250. 

I \ &p 

RECTANGULAR bin; B X O; Q « 2(b+C>) 
V __ HEXAGONAL BIN ; Q * •25(oiSTANCE ACROSS PLATs) 
octagonal bin ; Q * *25(distance across plats) 
M*4 CIRCULAR bin; Q « -25 diameter. 
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SINGLE SPAN FIXED-END BEAMS. TABLE N?7d 


THE LOAD FACTOKS and CAN BE USED THUS:- 
Li) B.M. AT SUPPOATS OF SINGLE SPAN BEAMS FIXED BOTH ENDS 


^AB “ “ ^AB ^AB 


^BA “ ” ^BA*"AB 


VITK 5 YMMETMCAL LOAD 


(S) CONTINUOUS REAMS ~ ^^O^^ENT DISTMBUTION METHOD" TABLE N? llA. 


SPAN-LOAD PACTOAS AAE F. 




^BA^AB 


i'lTH SYMMETMCAL LOAD F^^ s F^^ 


(iii) FKAMED ST^UCTU^E$ - TABLE N? IS . 

LOADING FACTO^S P AND Q HAVE FOLLOWING VALUES 


P - C L 
^AB ^ ^AB ^ AB 


^ BA= ^BA^AB 


WITH SYM/nETMCAL LOAD 

Lab 


[iy) POKTAL F^A^AES - TABLE N.?1S. 

A^EA OP F^EE B.M. DIAOAAM f A A A A T Ca» + C»a , Ca» + 2 C»a 

N- LOADED— -L*r®'^5rL°^7°''?Hj “i-^ S(Ca. + Cm) 

DISTANCE FAOM LEFT HAND OA LOWEA SUPPOAT TOCENTAOID OF FAEE B.M. DIAG. « Z,x LOADED SPAN 


LOADED SPAN 


A A A A 1 Cab + C^a . 

r®" 5 rL°^ 7 °''?Hr“ 2 — 


unstmmetmcal 



L O A 0 I N G 


F A C T O KS 


^BA 


STMMtTMCAL LOADING 



2a(i-a)*'»' Ia®(i-a)w 




12 



LOAD 

FACTO^ 

^AB 

u 

n 

> 

nal 

0*I25W 


0*ll( w 

s 3 

0 -i 04 '« 

®4 

O-IOOV 




0 .| 25 (l-f ) W 


0-003W 


o- 104W 


o-ioo'ii' 


THEFv LOADINGS cahqbneaally be considbaed by combining tabulated cases, thus:- 
.^fftmUTtW = llllllllll!IIIIIH[!l MINUS [IT>V MINUS .rffiffi 



0^(4 

- 5a) i5. 

O* 

0(57 V 

o- 

055 W 

0- 

039 W 

0 * 

029 W 

o* 

020 W 
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CANTILEVERS 6 SINGLE SPAN 5EAM5. TA5LE N» 7. 


MCMCNT 

coemctfiNTs 

eCACTiCN coerF$^ 

At a 

dOII 

At C 

AT A 

AT C 



AUU MOMENTS « COEPPICICNT X TOTAL LOAD X SPAN ™ k,WU fyjS\ 

OEACTIONS » OOSPPiCteNT X TOTAL UMkO ka W. OCPLECTION = COBFPlCieNT»{ ^ ) 
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CIRCULAR 

5eAM5 

TABLE N9 7c. 

AiBpl.tCA*Rl.R HD NORMING FART 

UNiFORMUy SRACeo DU^FORTS 

OF COMFueTD CIROUUAR ST^T^m WITH 

OR cooiv'A.caNT ooNomoND uff.nxco CNOS. 


. SMeA^R. « ^ 


POIfM OF CAf4TltAFt.€>«i)«e » 



MON/ICNT 


COfL^FlORNTS. 


AN<&LK 

AT 

C&HTRS 


NUMMtC 

OF 

Sur>#»o«rT& 

r 4 

£omc»i.«tb 

ciiecus. 



riewtvc 

6.H. 

SUPmiT 

a 


O* 1^7 
O* 106 
0 - 08 ^ 
0-077 
O-OGG 

o-oc>o 

0-054 

0-045 


TWISTING MOtvstNT fMAX.\ 
VT Joints of corcNM^rw-AuRg. 



O • OZl 
O • 014 
O • OOS 
O' 007 
O • 005 
0* 004 
O • 003 
O • OO 


O' 036 


O'OoS 



A 


I9’4“ 

15V 

i-zV 

loH* 

94 “ 

S4* 

74* 

C.V 


53- 

36- 

22- 

15“ 

Id* 



0*318 
O-f IS 
O* I4« 
O* 091 
0*06& 




«>irFfio»cS9ii^ «lfet:,Trc 
AND CU. StfCTl*NS W«T^ 



\*o 

l“S 

2*0 

2'S 

%o 

g 

I-IZ 

O'^ 

0-4710-n 

0*22 


rxPRCSStOF FOR “IWISTINA HC«^SNT at 5UFF&ftT Q% AT PfeiNT OF £DKTtAFV«Fuft« 
«£aSJl£6.^ WMCM C, ^ AND AND C« ADf AS TASUUkTro, 
Ml ^ 

































CANTILEVERS. 

OE.rL.eCTlO!S COeFFlCieHTi , 


LOA^OiriG . 


Lc»ee. 



OfeFt-CCTlOH COtFFlCieNT. 
Fo« FRee. e.HD of cwriLev/e.R 
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TA&LE 7A. 




a^Cb-a") 


Co 


+ ''ZabV 111:?"] 

_ 5 l.- - 


[ 2 o-ioa +a' 



SINGLE-SPAN BEAMS 

WITH TRlANOULARLy OlVTItlfeUTtO UOAOING . 


TA5LE.N?75. 



a 

MOMENT COEFPlC<ENT5 

At a 

At 6 

At C 

IB 

ME«. 

0*133 

PO». 

o-ocs^o 

b» ‘-vs 

IMt^S . 
ZERO 

lo-e 

O-lil 

,0-057 
b = -47 

ZERO 


mami 



TOTAU LOAD « W » 2 


0*053 

b«*49 Z.EeO 


0*047 

-53 


0-041 

b*-57 


0-032 

b**(b2 ZECO 


0-024 

0-4 0-03G zetzo 


0 *041 
b«-57 


0*040 
b* *5^ 


O* 03C> 
b* *02 


0*032 


o-ozs 


dchding moment 

« coefficient y w u , 
POIIMT OF MAir.-KSB-^T 


1-0 

0-100 

0*9 

0-10^ 

0-6 

0-105 

BB 

0-105 

Si 

0* 102 

QQI 

0-0^ 

m 

0-06C» 



0 

0 


1 0*92 

BBW 

IIEE9EE9 

mmmmm 

0*70 

0 -So 

0*74 

0 • 2G 

mM 


1 0 

0 * 1& 



o**^o 

0 » 10 

0-<i5 

0 

0 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 8. 

(а) To find the maximum moments at the middles of the end span and centre 
span, and at the penultimate and interior supports of a hve-spaii continuous beam ; 
all spans =» 15 ft.; dead load = 600 lb. per ft. run and live load = 1,200 lb. per 
ft. run. 

(i) From Table No. 8. 

Penultimate support: 

Dead load : 0105 x 600 x 15* = 14,200 ft.-lb. 

Live load : 0*120 x 1,200 x 15* = 32,300 „ 

Total: == 46,500 „ (neg.) 

Interior support: 

Dead load : 0 080 x 600 x 15* = 10,400 ft.-lb. 

Live load : o*iii x 1,200 x 15* = 29,900 „ 

Total: = 40,300 „ (neg.) 

Middle of end span : 

Dead load : 0 078 x 600 x 15® == 10,250 ft.-lb. 

Live load : o*ioo x 1,200 x 15* —27,000 „ 

Total; = 37,250 „ (pos.) 

Middle of interior span : 

Dead load : 0 046 x 600 x 15* == 6,200 ft.-lb. 

Live load : o*o86 x 1,200 x 15* = 23,200 „ 

Total: = 29,400 „ (pos.) 

(ii) From Table No. 10. 

1,200 

Ratio of live to dead load — -r— = 2 

600 

Total load = 1,200 -f 600 = 1,800 lb. 

Penultimate support: 0*107 x 1,800 x 15* = 43,100 ft.-lb. (neg.) 

Interior support: 0*102 x 1,800 x 15* — 41,100 ,, (neg.) 

Middle of end span : 0*094 x 1,600 x 15* = 38,100 ,, (pos.) 

Middle of centre span : o*o^ x 1,800 x 15* — 28,000 „ (pos.) 

(б) Same problem as Example (a) opposite Table No. 9 : 

Penultimate support: 

Dead load : 0*107 x 1,000 x 15* = 24,100 ft.-lb. 

Live load : o*i8i x 10,000 x 15 = 27,200 „ 

EXAMPLE OF USE OF TABLE No. ioa. 

If a negativ e moment of 200,000 in.-lb. is applied at the end support of the beam 
in Example (a) opposite 'Table No. 9, what is the resultant maximum bending moment 
at the penultimate support. 

B.M. at penultimate support (see previous example) 

= — 51,075 ft.-lb. = — 612,900 in.-lb. 

B.M. at support B (four equal spans) due to bending 
moment applied at one end only (see Table No. ioa) 

== -f 0*268 X 200,000 = -f 53»6 oo „ 

Resultant net B.M. ~ *-- 559,^oo „ 

Refer to p. 38 for explanation of difference between coefticients on Table No. 8 
and those in accordance with the London Building By-laws. 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 9. 

(a) To find the maximum moment at the penultimate support of a beam continuous 
over four equal spans of 15 ft. carrying a uniformly distributed load of 1,000 lb. per ft. run ; 
a live point load of 10,000 lb. can occur at the middle of one or more of the spans simul* 
taneously. 

Maximum B.M. occurs when ist, and, and 4th spans are loaded with point load. Dividing 
the total loading into single>span loads : 

Support 

Load Factor 
= F, 


Load ~ W. Span. 

Uniformly distributed All spans i-oo 

W = 1,000 X 15 = 15,000 lb. 

Point load IF = 10,000 lb. . ist span 1*50 

Ditto ..... and span 1*50 

Ditto ..... 4th span 1-50 


Moment Product 
Coefficient = Q. = FQW 


— 0-107 

— 0*067 

— 0-049 

— 0-004 


ZFQW =:^ -3,405 


1,605 

1,000 

740 

60 


B.M. —Lx £FQW == — 3,405 X 15 — — 51,075 ft.-lb. 

It can be seen from the table that these results are the maximum possible, because if 
the third span were loaded a positive moment would be introduced that would reduce the 
total negative moment. 

(6) To find the moment at the middle of the centre span of three continuous spans, 10 ft., 
15 ft., and 10 ft. respectively. The load on the centre span is a uniform dead load of 7,000 lb. 
per ft. run and on each of the end spans the load is triangularly distributed, being 6,000 lb. 
per ft. at the inner supports and zero at the outer supports at which the beam is simply sup¬ 
ported. (This is the tyi>e of loading that would be encountered in the design of a rectangular 
tank when wall counterforts—tied at their extremities—are continuous with the beams of the 
suspended bottom.) 

First determine the B.M. at the inner supports by dividing the loading and evaluating 
the corresponding products. Owing to symmetry the moments at each interior support will be 
equal. 

End_^^lo^ 

^ * Base span 15 

;if = y = 0-67 -f I = 1*67 


(4 X 1-67 X 1*67) — I 

For ist span loaded : Uc — 3 X 0-67* X 0*493 = 0-663 
Ub = 0*5 X 1-67 X 0-663 = 0*555 


For 2nd span loaded : Uc {= Uji owing to symmetry) ~ 0-493 (1*67 -f- 0-67) = 1*15 
For 3rd span loaded : Owing to symmetry Uo — 0-555 ; Ub — 0-663. 




{Load Factor) X 
{Support Mt. 

Moment 

Multiplier 

Product 

Load = W. 

Span 

CoeJ.) = FQ. 

- U. 

= FQUWL. 

Triangularly distributed 
(apex at left-hand sup- 
port) 

W ~ 6,000 X 10 X 0*5 
— 30,000 lb. 

3rd 

-h 0-018 

Ub = 0-663 

5,370ft.-lb 

Unifom^y distributed 
W = 7,000 X 15 
= 105,000 lb. 

2nd 

Z. == 15 ft. 

1-00 X (— 0-050) 

U, = 1-15 

— 90,500 

Triangul^ly distributed 
(apex at right-hand 
support: therefore re¬ 
verse system) 

W — 30,000 lb. 

1st 

— 0-071 

Uc for 3rd span 
loaded =» 0-555 

- 17,740 - 


Net B.M. at inner support io2,87oft.-lb. 
7 000 X 15* 

Free moment at mid-span = — -^^ = 197,000 ft.-lb. 

Less negative B.M. at mid-^>an » 102,870 „ 

Net positive B.M. at mid-span » «* 

NOTE. 

. length of span 

^ base span 
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CONTINUOUS 6CAMS SSJ'Si'So'iiS''' table N«1. 


notes : DtVfOC «IVEN eSAM SYSTEM UP INTO A NUMMR OP SIMtLAR 

SYSTEMS SACH HAYItHO ONE SPAN UOAOCO WrrM A PAOTICULAE TYPE OP 
LOAD, to PINO THE B.M. AT ANY SUPPORT OOE tO ANY ONE OP THESE 
LOAOS4 EVALUATE THE PDU.OW1NS PACTOES FOR THE PAETlEUCAE SUPPORT 
ANO LOAD TYPE t— 

LOAD FACTOR » T C •UNITY FOR OlSTRlSUTEO LOAo). 

SUPPORT MOMENT COEFFICIENT * Cl. 

MOMENT MULTIPLIER m U (“» UNITY FOR EQUAL SPANS). 

B.M . AT SUPPORT » y W Y &ASe SPAN , 

NOT E RE TRlANOULAg.LY OlSTRlBUTED LOADS i FoR FQ USE THE VALUE ^ 
OlVEN IN SRACYETS <N COLUMN H^OED ^SUPPORT MOMENT COEPFlClENTS 
WHEN APEX IS AT L.M.SUPPORT, RE^RSE SYSTEM WHEN APEX IS AT R.H.S, 



CQU/^L SPANS UNEQUAL SPANS. 

LOAoeo SPAN , . 

Q Q Q moment multiplicrs = U 




n 

n 

Both spans loaded 

WITH IDENTICALLOAO • 



All spans loaded with 
identical load • 


All SPANS LOAORD WITH 
tOCNTlCAL load • 





2 

U^=a. 

1 + ki 

11 s . 

2wf 


1+ ki 



SEE NOTE SELOW POR UNEQUAL SPANS 
simultaneously* LOAOEO. 



•SljUc 
U^ =• 5 kf H 


Uc « H(x+kO 


-X « k, + l 

ss 1^2”^ ^ 

4 xt^-l 


FOB TWO^THBEC^OR FOUR UNEQUAL SPANS 
00 LOADED SIMULTANEOUSLH; OETCRMIHC EwMS. P>R 
lOf) EACH SPAN LOADED SCPASATCLY AHO ADO. 





Ua a 2k., M4K. 

Us- xH4kt 
Uc - MJ 3 H^( 4 *y-k’) 


X * k|+i 
y = Xi+kz 

z = k 2 + kj 
H, - l4k,Y 

H5«4-«7kV(l<^2 

H^T*l 4 kjY 
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CONTINUOUS e>eAM 5 

/kOJUSTMCMT out TO MOMENTS END SUP 


TAe>LE lOxw. 




r*OCtCR . 




AOJUSTMCH**^ TO O.M* AO-fOSTMKKT TO POffCR CuR.) 

* (C0e^'*‘O»NT) X ( A^URO ^ CORI*»*»C»eHT X f ^***^*^ ft-M «H tHCH-H.R. 

&e.HOHOi MOKRXT) V &AAt<4 IH f>fLt.T 


SLABS SPANNING IN ONE DIRECTION 


BENDING MOMENT COEFFICIENTSCappinox.) K. 
(sec tables N®» 0 AND lO fOA LESS APPAOX. COEFF's) 

B. n. - K loL^ 


TABLE N 9 10 B. 


APPAOXlMATtLY EQUM SPAHS(L) 

UNIFOAHLY OlSTMDUTEO LOAD 
U> « DEAD LI VE LOAD (lV^T.*) 


FREELY supported SPANS:- K -4 FOA PMD - SPAN B. 

o mJ *• 

IF COHSTAUCTEO PVONOL1THICALLY WITH SUPPORTS, P^OV IDE RESISTANCE AT SUPPORT--^ 

CONTINUOUS SPANS:- ^ 


SECTION 


WITHOUT HAUNCHES 


WITH HAUNCHES 
Cscf SRCTCKBELW 


END SPAN END SPAN 

AT niD-SPAN 
SUPPORT. r\iu-5rAN 



NOTES 

I. TABULATED COCPPICIEHTS CAN BE ADOPTED IP LENGTHS OP ADJACENT SPANS DO HOT 
DIPPER BY MORE THAN IS PEA CENT OF THE LENGTH. 

t. POA ANY SYnnETAICAL LOAD*- _ 1 

I COEFFICIENT FOR ^lOSPAN B. M . FON 
5. M. COEFFICIENT - 0Kx I t*OA0 ON FREE SPAN BEAM. I 

L. TABLE NP^ J 

5. CRITICAL OESICM SECTION FOR SUPPORT IS*AT EDGE OF SUPPORT.' 

B,M. at EDGE OF SUPPORT • M 5 “ ^ I | 

Ms ■ THEORETICAL B. M. AT SUPPORT £ it _ _ \ 

C^.4.PfRTABLt HP^-IN.LB. T* ^ 

t - shsaK force at edge of $uppdrt(l^ 1 

• Wl OTH OF SUFPDRT (IH.) ^ t __ L \ 

4 . MINIMUM PROPORTIONS OF HAUNCH - - u" ^ I I 
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CONTINUOUS BEAMS 


BEND1N6 MOMENT COEFFICIENTS 


TA5LE N8|0. 


SECTION 

dead 

LIVE 


LOAD 

LOAD 

HEAR MIDDLE 
O^^NO SP^j^^ 

1 

12 

I, 

10 

PeNOtTiMM'*. 

10 

1 

q 

MiOSPAN 

) 

1 

interior spans. 
(Positive b*M.) 

24 

12 

interior. 

1 

1 

^ SUPPORTS. ^ 
(Hesative B.M.) 

12 

q - 


TOTAU LOAO t RATIO OP UVK TO ORAO I.OAD . 


■CTmggqingcgai-fl-mMl 




-oe^ 

• 0 «« 

•0^5 

•0^4 

•CAS 

•oqo 

*104 

•ICO 

•107 

•107 

•106 

•106 

•050 

•OOB 

•007 

•ooq 

•072 

•075 

•oos 

*0^7 

• too 

•102 

•105 

•104 


COVnCtCHTS X^IaV to AV<>«ar«cir> 1 ATCi.Y «PiAN« i.O. vA^viArtOM Nor K>u:«coi»4q ccmt. 

icc CHA^inr 3 Sr ric^ATiv/c b.ot. at miosrAN. 


VAg|AbL£ MOME.NT Or lN£t^TlA , 

■ cucvfifr o 

ACCUgAre METHOD ^ FIUK ft. 


cucvefr OF 

r^« 




TTfEAT EACH CONSECUTIVE RAiR OF 
SPANS THUS 


ON THE SRANS DRAWN TO SCALE ^ CONSTRUCT THE FREE MOMENT CURVES 
AND THE MOMENT OF INERTIA CURVES . DIVIDE THE ORDINATES OF THE fORMER BY THOSE 
OP THE LATTER TO ENABLE THE CURVES OF FREE e».M TO BE DRAWN . 

FIND AI *» area UNDER CURVE FOR SPAN L| AND POSITION OF CENTRO® 

And A 2 * * “ 


CURVE FOR SPAN L| AND POSITION OF CENTRO® € 
« " "L-Z" «i»M 


SET UP AO, BE, and Cr to a SUITABLE SCALE TO REPRESENT ANV ASSUMED 
VALUES OF THE MOMENTS AT A, B,&C RESPECTIVELY. CONNECT D6, AC,eC, fc Br, 


let Ma “k^AD 


Ms » keBE 


OIVIOE THE ORDINATES OF OBP AND AtC BY THE ORDINATES OF THE M.OP I. CURVE, 
TbGlVE THE CURVES AHC AND G&J. 

Find Av » Area under curve GB and position of centroid Gv 

Ax » " ■ * Ah » ■ « " Gx 

Ay - ■ • »* HC * ■ • " Gy 

AND Ay^ * « II « 5j • « • « Gw 

sueerm^e .m (a.z, +1<^vA^+ 

UNKNOWNS ARB Ka^* ks.fc kc AND eEQUfSITE NUMBER OF EDITIONS FOLLOWS 
FROM OONSRCUTIVeT^R ^^SPWS AND END SUPPORT CONOrnONS# 

APPROYlMATE MBTHOO - 1 RATIO OF Is tic I f BO I *75 I 1*25 1 


CALCOLATB B.MS. POR CONSTANT 
MOMENT OF INERTIA AND INCRBAStL 
OR DECREASE BY THE APPROPRIATE 
PERCBNTAOB TABaUATBO. 

I* SI M.OF I. AT BUPPORT. 
c: M*0F I. at MIOSPAN. 


BOTH BNDB |MlOSPAN 
flKEO 




MIOSPAN 


SUPPORT 


l !R!?HgCTil4'lbv>-<P5g 
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MO/^EHT DISTIMBUTIOH 
METHOD. 


CONTINUOUS BEAMS method. ^ TABLE N9IIA 


fOfVMUlA FOK 6.M. AT SPECJflEO SUPPORT. 


F.KEOMA 


c _ c N 


SUPPORT 

APPLICATION 

END SUPPOAT A 

TWO OR MORE 

SPANS 

END SUPPOAT C 

TWO SPANS 

ONLY 

CENTAAL 
SUPPOAT B 

TWO SPANS 

ONLY 

PENULTIMATE 
SUPPOAT B, 

THREE OR 

MORE SPANS 

PENULTIMATE 
SUPPOAT C. 

THREE SPANS 

ONLY 

END SUPPOAT D. 

THAEE SPANS 
ONLY 

PENULTIMATE 
SUPPOAT 0. 

FOUR SPANS 

ONLY 

END SUPPOAT E. 

FOUR SPANS 

ONLY 

INTEAIOA 
SUPPOAT C. 

FOUR OR MORE 
SPANS 

PENULTIMATE 
SUPPOAT B. 

TWO OR MORE 

SPANS 


F^EE M ^ Dbc 

&■ C 1 


FIXED M A 
F^EE AT C 


^tA ^ *^Cb) 



““ ^BC ^BAe ^BAe ^bc 


faee at a - F;,b) - ^[iFbc-Dcb(Fcd-F„)] 



FAEE AT D I - ^(ifcB+Foc)- I^BcCFba- ^Bc)] 



FAEE AT E - *EC^~ ^ ^’^DC”*^CD(Pc6"fi:i^] 



FIXED AT E -Fjp- ^(Fde-Fo^ 


- t^kFB<)]-^[iFco-t>Dc('ot-F|| 





NOTS:- 

IF Mp IS POSITIVE, 

B. M. AT B “ — Mp-^ 


SUrrOM AEffAEMCES:- 
SVMBOLS:- SPAN A-B, ETC. Ip^rrC,~MO«ENT OF INEATIA OF SECTION IN SPAN A • B, ETC. 

Dbp,,0(^ETC.- 0ISTM8UTI0N FACTOA AT SUPPOAT 6 FOA SPANS AB AND BC, ETC. OsA+^^BC” !• 

F.. F.. tfC. - SPAN-LOAD PACTOA AT AffB FOA LOAD ON SPAN A-8 ETC. 1 

^ ■*» ■ NUAE AlCAL VALUE OF AMl AT A ar B CUE TO LOAD OH A*B ONLY - 1 . i _ 

ASSOWINO FIXITY AT BOTH ENOS OF SPAN. | ^A» LgC 

- Lp^* Cp*, L^j* C^WHEAE Cp^,,ETC. - LOAD FACTOa(TABLE Ibc LaB 
















































233 


CONTINUOUS BEAMS 


COrvISTANIT 
MOl-l.OF Z. 


TABLd N^ll. 





ON THE G>VEN &EAM SVSTCM A, B, C, D, CTC , DRAWN TO SCALE , PLOT TME 

Position op Tvtc fixed point Fi in left hand portion of span Ab. 

WHEN END A IS FRCELV SUPPORTED; fl a ZERO. 

'* “ A • Fixeo ; fl e= *553 Li 

SETOFpBC* V2-*333CL|--L'4) ; X 5 *‘333CL2-L3); X 4 =- L 4 ),ETC. 

SET UP verticals at the THIRD POINTS OF EACH SPAN. AT ANY CONVENIENT 

Angle orawGCJ. Join P,g and produce to meet support line at H. 

Join HJ to intersect scam line in r2 which iS fixed point fop left 
HAND portion of span L*2 • 

REPEAT SIMILAR CONSTRUCTION TO FIND Fs-* F4, ETC. TO THE END OF THE 
SYSTEM, AND,COMMENCING At TME EXTREME RIGHT HAND SUPPORT, REPEAT 
THR WHOLE PROCESS WORKING TOWARDS THE LEFT, THUS ESTABLISHING THE 

Fixed Points in tme right hand portion of each span . 

CGuAt, SPANS - (f.e. Li « L2 * L3 ETC. » L) 


Distance of fiyco point* 
FIXED at a : 

FRceLV Supported at A: 

(z ) TO OETEgMlNE 5ENOl?>IG MOMENT 

FREE S. M . DIAGRAM 
AREA « A 

CENTt^OlD * Z FROM B u T 


f I fz f 5 f 4 ETC . 

•3333L •2222L -2121L *2n3L 
O •2000L*2I06L *2113 L 


NOTE 

FOR AKySVMMETIRiCAL LOAD C8«CG , 
CSHMUNlFORM LOAD S''26u>L^ j 
CbPOtCENTCC P3IHT LORO* *376 WL 


ELiiiiiimim 


DRAW OUT TME SEAM SySTEM TO SCALE AND PLOT THE POSITIONS OF THE FtXEO POINTS, 
Fl tic. IN THE left HAHO portion and F,* F* etc, IN THE RIGHT HAND PORTION 
OFEACH SPAN. SCT UP 6 C * 4 ^ AND CG « G A CL 2 " 2 ) (SCB NOTE AEOVE^, 


Join BG G Ct. *-1 

HJ THROUGH IHTERSBCTIONS OF VERTICALS FROM AND . 

TO COMPLETE 6wM. DIAGRAM FOR LOAD ON SPAN SC« CONNECT J TO ETC. 

REPEAT FOR OTHER LOADED SPANS AND COMBINE DIAGRAMS TO GlVEtOTAL MOMENTS. 
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INFLUENCE LINES FOR UNIT ROLLING LOAD ON JaBLE M®I2A 

TWO &. THREE SPANS.- 

. -- - 


B.M. 0U6 TO LOAD AT ANV POIMT 

^SORDINATC. OP \NFLUENCe UNe X4.OAX»iSH0Rf^^ ' 
SYMftOLft INOiCATe POXHX TO WHICH UNE APPLIES ^'^•80 - 
ANO KAXtO OPSfVkMS, 



NOTES, 
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INrLUENCE LINC5 


table; n« 12. 


DATA rOR CONSTRUCnr^ INFLUENCE LINES FOR EENDtNA MOMENTS PCOOUCEO 

AT SOPPOPTO AHO MIO-SPAN EV A SINGLE UNIT PCMNT LOAD MOVING ACONG 
A QEAM OF TWO OR TMREE SPANS. 

6.M. DUE TO ANV LOAD AT ANV POINT * V"! WL. 

h « OPDINATE OF APPROPSIATE INFLUENCE LINE AT POINT CON&IOEPEO. 
W « TOTAL LOAD. 

L. SPAN ^WHEN SPANS ARE UNEQUAL L * END SPAN at L | ^ 
OROiNATES for tNTERMKOlATE SPAN RATIOS CAN BE INTERPOLATED . 

Reference to tme diagrams will indicate whether the moment due to the 

LOAD IN ANV PARTICULAR POSITION IS POSITIVE OR NEGATlv/E . 


TWO SPAWNS y 


SPAN L, - Mia POINT 



SPAN L 2 • Mio. Point 

4-ve 

-ve 

“•centre Support 



ORDINATES 


C d e 


•ISO *205 • 121 h052 *052 *047 *057 


•IS7 *215 MSO • 056 *058 *085 *054 •0C>7 


•t42 •2l<^ M5G {•O(o2 *065 *124 • 125 -O^q 


• 0 G 4 roqs ro ^4 *074 


•075 I-074 I-051 I-ns •IC»7 


• 170 -247 


•052 *052 *121 


•057 

ro47| 

BSB9 

•050 

llgHI 

•057 

•025 

[••051 1 

•031 


• 155 


• iqe 


•150 


•I(5»7 •2qi *185 


•082 *210 -375 *255 


THREE. SPANS 

END-SPAN " MiO. POINT 
INTERIOR SUPPORT^ 


SPAN RATIO 





V interior span - 

MIO. POINT 

> — — 

1 

+VE 

L2 



■— 


-ve 

3.J_J£.._ L.J 

n..n 

J 


ORDINATES 



• 1 * 4-1 


• 2 • 


IB3B35IB^EBIEEIBS^flF?lPBB'Slg!'B?BgSt^EHi 



























































































236 REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 13. 

(a) To determine the bending moment at the j^niiltimate (left-hand end) sup¬ 
port of a system of four spans (constant int)mcnt of inertia, freely supported on end 
supports) subject to a central point load of 10 tons on the first and third spans 
(counting from left-hand end) ; end spans = 20 ft. ; middle spans — 30 ft. ; hence 
span-ratio is i : ij : ij : i. 

ft.-lb. 

With load on ist span : B.M. — —(0 082 x 10 x 2,240 x 20) =36,800 (neg.) 
(ordinate c) 

With load on 3rd span : B.M. = H- (0 035 x 10 x 2,240 x 20) =15,700 (pos.) 
(ordinate m) 


Net B.M. at penultimate support = 21,100 (neg.) 

(b) For the determination of the moments at any of the critical sections in a 
beam system due to a train of point loads in any given position, the procedure is 
as follows: 

Draw the beam system to some convenient linear scale. 

With the ordinates given on Tables Nos. 12 and 13 construct the influence line 
(for a unit load) for the section to be considered, selecting a convenient scale for the 
bending moment. 

Plot on this diagram the position of the train of loads. 

Tabulate the value of (ordinate x load) for each point load. 

Algebraically add the products (ordinate x load) to give the resultant bending 
moment at the section considered. 


NOTES. 

The influence line marked Penultimate Support ” on the four-span diagram on 
Table No. 13 refers to the second support from the left-hand side. 

See succeeding pages for influence line curves for four and five spans. 
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INfLUENCE LINES 


TABLE N5I5, 


DATA rOQ C0MSTRUCT1NG tNFLUILNCe LINES FOR 6ENOWMS MOMENTS PRODUCED 
AT SUP*»OPTS and mid- SPAN CV A 6lNaLE UNIT POINT LOAD MOViNS ALONGi A 
CONTINUOUS SCAM OF FOUR OR MORE SPANS. 

6.M. ouE TO ANv load at akv point » h WL- . 

h » ORDINATE OF APPROPRIATE INFLUENCE LINE AT POINT CONSlOEQEO . 

VJ « TOTAL LOAD . 

L =* SPAN . ( WHEN spans ARE UNEQUAL L » END SPAN = Ll^ 

ordinates for intermediate span ratios can be INTERPOLATED. 

REFERENCE TO THE OlA&RAMS WILL INDICATE WHETHER THE MOMENT DUE TO THE 
LOAD IN ANV PARTICULAR POSITION IS POSITIVE OR NEi&ATlVC. 


INTERIOR SPAN 

Mio- Point 


^PENULTIMATE 

SUPPORT 




, INTERIOR SPAN - MIO-POINT 
'^^INTERlOR SPAN ” 'rwiRO-PO»NT 
^ ^ INTERlOP SUPPORT 


C rn n 


ordinates 


INT'^.SPAKi MIO-POINT 


.Luj ii u y 


IKTEStOR SUPPORT 



OROtNATCS FOR CNO SPAN ANO PENULTIMATE SUPPORT OF FOUR 
equal SPANS SVSTEM CAN SE USED WITH REASONABLE ACCURACV. 
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240 REINFORCED CONCRETE DESIGNERS' HANDBOOK 

EXAMPLES OF USE OF TABLES Nos. 14, 14A, and 14c. 

(a) Determine the Trending moments on a rectangular slab ABCD freely supported 
on all four sides (comers not held down) and subject to an inclusive load of 200 lb. 
per square foot, the lengths of sides being Ljg — AB CD = 10 ft. and Li = AD 
— BC — 12 ft. 6 in. 

12* 

Ratio of sides = A = —= = 1-25. 

100 

From Table No. 14, Grashof and Rankine coefficients ; ~ 0*71 ; Ki, — 0*29. 

Bending moments : Midspan, short span = 0*125 x 0*71 x 200 x 10* x 12 

= 21,300 in. lb, 

,. long span = 0*125 x 0*29 x 200 x 12*5* x 12 

= 13,600 in. lb. 

Support bending moments = zero. 

Since the long-span bending moment exceeds one-tenth (or one-fifth for Code) 
of short-span bending moment, the minimum requirements for distribution steel are 
satisfied. 

(b) Find the bending moment in the panel in (a) if it is constructed monolithic 
with the supports, but discontinuous along all edges (i.e. nominal free support but 
corners held down). 

From Table No. 14, using Pigeaud’s coefficients : ~ 0*45 ; Kj, = 0*17. 

Bending moments ; Midspan, short span =0*125 x 0*45 x 200 x 10* x 12 

= I3»50o in. lb. 

,, long span =0*125 x 0*17 x 200 x 12*5* x 12 

= 8,000 in. lb. 


(c) As (b) but using Table No. 14c : ^ = o*8 ; Cb == 0*068 ; = 0*032. 

Bending moments : x 12 5 

short span—middle strip, at midspan = 0*068 x 200 x lo* x 12 = 16,300 

,, ,, at edge = — S X 16,300 = — 10,850 

column strip, at midspan = f x 16,300 = 10,850 

,, at edge = — } x 10,850 = — 7,230 

lohg span—middle strip, at midspan = 0*032 X 200 x 12*5* x 12 = 12,000 

,, ,, at edge = — | X 12,000 = — 8,000 

column strip, at midspan = | X 12,000 = 8,000 

at edge = — | x 8,000 = — 5,333 


{d) Determine the bending moments if the panel in (a) is freely supported on 
side CD only and is continuous over the other three sides. 

Table No. 14A applies (curves in bottom left-hand comer) 


^5 =£, = 10 ft. = L, = 12 ft. 6 in. ^ 

in. lb. 

Bending moments : short span, midspan = 0*057 X 200 x 10* x 12 = 131700 

,, support = 0*072 X 200 X lo* x 12 = ~ 17,300 

long span, midspan = 0*012 x 200 x 12*5* x 12 = 4»5io 

,, ,, support = 0013 X 200 x 12*5* X 12 == — 4,890 


(e) Find the bending moments if the panel in (a) is continuous over all*four sides 
and carries a load of 10,000 lb. concentrated on an area such that 3 ft. and 
B ^ 1 ft. (see lower part of Table No. 14). Thus 


£. = 375 

Li 12-5 


= 0-3; 


B __ 1*0 _ ^ ^ ^ 
Lb 10*0 


k 


1*25. 


From curves, Mb = 2*27 and = i-68. 


Bending moments per foot width : in. lb. 

Short span, midspan = -f 0*8 x 2*27 x 10,000 = 18,200 

^ ,, support = — 18,200 in. lb. 

Long span, midspan = -f o*8 x i *68 x 10.000 

,, ,, support = — 13,400 in. lb. 


= -f 13.400 
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SLABS SPANNING IN TWO 



0-36 0*39 
0-33 0 - 4 - 2 . 
0-23 0*45 
0-2fi 0-48 



DIRECTIONS. TABLEN?I4 


U) ■ UMIfOAMLY DISTRIBUTED LOAD (LB.nR S«L-FT.)*|;^ 
I5 - ACTUAL SHORT SPAN(n.) L|_» ACTUAL LONG SPAN(TT.) 

K-SSSSnSS 


•00 
•05 
1-10 
MS 
•10 0'C>8 
•IS 0-1\ 
1-30 0*74 
1-40 0*79 
1-50 0-84 
1-60 0*07 
1*70 0-89 
1-75 0 - 90 

i*ao 0*91 
(•30 0-33 
1-00 0-94 
1*50 0*98 
3*00 0*99 


fKEELY SUfPOMED OH POUK SIDES. 

SHORT SPAN : 

lAlOSPAN +rABWm.L6. 

LONG SPAN S 

AlOSPAN B. /A. “ + 

^ - -- 

V 3-0 Hiw SHORT SPAN N 


K-SSSSnSS 

COMTINUOUSOWE EMQUNSUPPORTED AT OTHER f- 5-00 

COHTIMUOUS AT BOTH ENOS OP SPAN « 0-67 

FREE SUPPORT BOTH ENDS OF SPAN *1-00 

FREE SUPPORT ONE ENC^ CONTINUOUS AT OTHER c O'SO 

WHEH BOTH SPANS ARE IDENTICAL AS REGARDS END CONDITIONS:- 
LONGER ACTUAL SPAN 


SHORT SPAN:MIDSfRNB.PV + 0-l25l< + O-IOOKrwLJ 

SUPPORT B.M «Ro +0*lZ5KgU)L| 

LONG SPAN:MIDSPAN B.M.+-0-125 +0-100 K^u)Lj 

SUPPORT B.^\. «R0 -0*l25Ki.wLj 

CORNER REINPORCEMENT diving cohditiohs of 

H dri CV . g g ^ *C0RNERS RELOOOWN^ 

^BOTTOM SERIES IN ^ 
___ 5 M I 5 ^ X EACH CORNER 


^TOP SERIES IN EACH CORNER 


-BOTTOM STEEL REQUIRED FOR BENDING 


CONTINUOUS OVER ONE OR MOPsE SUPPORTS 

SHORT span: ^ 

MIDSPAN B.M.* + 0-8 MgW IN.LB. 
' SUPPORT B.M- -0-8 ^ 

LONG span: 

MIDSPAN B.M--»- 0 * 8 MlW » I 

_Sn£E£2eLLB-M.-^“0*8MLW « » 

Nlw PPA LONG SPAN I , . , 



TOTAL lOAO ON SKAOCO 
AREA ArB WLB. 


--' 






INTEKMEOIAn VMUES 
CAN 81 IHTEAFOLAIED. 


2-0 ^ U 

SPAN RATIO K« "ft 



































242 


SLABS SPANNING IN TWO DIRECTIONS. 

TABLE N 9 14C 

RECTANGULAR PANELS MONOLITHIC WITH 

BUT NOT CONTINUOUS OVSA Att tUfPOKTS 

SUPPORTS 

1 



BASIC BENDING MOMENT COEFFICIENTS 


out EOCE DISCONTIN 


122 



REE EDGES OISCONTIM 



B. M. 
«^fIWTOTH 


A.T 

CONTINUOUS 

EOGE 


SHOAT SPAN 

long sprn 

SNORT SPRH 
Cfi 

long span 
Cl 

SHORT SPAN 

Cb 

LONG SPAN 

Cl 

0*02 I 

0*031 

0-057 

0*037 

0*044 

0*044 

0*030 

0-026 

0-043 

0*030 

0-050 

0*056 

0*041 

0*020 

0-048 

0 * 02.4 

0-056 

0*028 

0-047 

0*016 

0-054 

0-018 

0*062 

0*022 

0-O5Z 

0-011 

0*050 

0-013 

0*068 

0*016 

0*064 

0*008 

0*068 

O-OOB 

0*074 

0*011 


SHOMT 

SP^N 



LONG 

MIDDLE 

STMP 

COLUMN STMP 

MIDDLE 

STMP 


-1-33 CbuiLb -O-BBCeUite 



- 0 -ft 7 Cb wLe 


Ul - LOAwO P 6 ^ SQ.FT, 

I - 

I LONG SPAN 



- 0 . 44 CBU;Lp 


^ ^ • COLUMN STRIP 
^ « f^lODLE STRIP 
COLUMN STRIP 


+ I-|_ 


~ 1 * 33 C\u;Ll 


“O'GTClIuLl 



0*060 I 
0*057 
0*0G8 
0-011 
O-ObO 
0*083 


SPNN 


COLUMN STMP 


+ 0 * 67 ClU>L^ 


- 0 * 89 ClwL^ 


-0*44 ClwL 


COL. MIDDLE COL- 
I STRIP I STRIP ISTMPI 


NOTE: THIS T^ 8 LE IS BASED ON U.S.A. JOINT COMMITTEE AEPOAT (iB+o) 
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SLABS SRANNING IN TWO DIRECTIONS TABLE N*I4 

BCNDINe MOMENT COePFlCieNTC VsflTH UNirORM LC«^0 





flBi?BBBBBflBBBBBBBBBBBBBBiBBBii:BBBBBBBiBBBBaBBBBBBBBBaBBiBBiBBBBBBBBBBBBS 
■ ■■^■■■■■■■■■■■■■■aaBaBBBBBBkBBBBBBBBaBBBaBBBBBBBBBBBaBBKaBBBaBBBBBaBS 

CSSSSBI**** ■■■■SSbb bbbbbbbS 

i 3 S ! SSE : s : i 8 : s ; 8 & sszssas 3 

iiHHHBHHi=PHBi»iiHH^ 88888 S 888 Si:; 5 ! 8888888 : 8888 S 88888 SS:SS 88 : 
888SS8g888gg8SSSS:85Si88g8g8g888888g888888888888»i555;8giggg8g888S88Si 
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IHssissgggsgssSSSSBBssssssKisssssigigsggsSSSiSHKBSisiBssi^^gsssa 


.^B^aaaBBBBaa pfg 

Jsil : is | s 8 S 8 S £ 5 aB 388 s » i : 5 isiissi 8 HS 88 SS & Sia : 8 : s : ssi » s 8 :_, 
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EXAMPLE OF USE OF TABLE No. 14 B. 


To find the maximum bending moments in a wall panel of a rectangular tank that 
can be considered as freely supported along the top edge and continuous along the 
bottom edge and along the two vertical sides. The height of the panel is 8 ft. (LJ and 
the horizontal span is 12 ft. (L,), the intensity of pressure being 500 lb. per sq. ft. along 
the bottom edge and decreasing uniformly to zero at the top edge. 


12 

Span ratio = 


= 1 * 5 . 


For case («), K « 2*02 ; 
for mid'Span of vertical span ki == 24 
for bottom edge = 11*5 

for mid-span of horizontal span At === 45 
for sides A, = 22-5. 

The maximum bending moments will be as follows : 


Mid-span of vertical span 
Bottom edge 

Mid-span of horizontal span 


500 X 8* X 2*02 
24 X 3 02 
500 X 8* X 2 02 
11-5 X 3 02 
500 X 12* 

= H-X 12 

^ 45 X 3 02 


X 12 = 10,700 in.-lb. 
X 12 = 22,400 „ 


= 6,350 „ 


Vertical sides (max. bending 
moment at about mid¬ 
height) 500 X 12* 

= — - X 12 

22*5 X 3 02 


= 12,700 „ 


The negative bending moments are extreme theoretical values and for the purposes 
of designing the slab panel can be reduced by 15 per cent. A further reduction to allow 
for the width of the support (the critical section being at the edge of the support) can 
also usually be made, as long as the total reduction does not exceed 20 per cent, of the 
original value and the full v^ue of the reduction is added to the corresponding nud-span 
positive bending moments ; if the adjustment, within the 20 per cent, limit, makes the 
positive and negative bending moments equal, a more convenient detail for the slab 
reinforcement can be produced. 

If a full 20 per cent, reduction is made in the negative bending moment calculated 
above, and if the positive moments are made equal to the negative bending moments, 
the results will be: 


Max. neg. and pos. bending moments in 

vertical span == o*8o x 22,400 « 17,900 in.-lb. 

Max. neg. and pos. bending moments in 

horizontal span = o-8o x 12,700 = 10,200 „ 

In designing the slab section it is usually necessary to combine a direct tension with 
the bending moment in the horizontal span. 


NOTE. 

The bending moment at ** the edge of the support" does not necessarily mean 
the moment at **the edge of comer splays,'^ 



£be.NO»N<S MOWAtlv/VTS 
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SLABS SPANNING IN TWO DIRECTIONS 
WITH TRIANGULARLY DISTRIBUTED LOADING. 


TABLE N514b 



0*06 

- 

O'l'i 

0*05 

0*24. 

0-10 

0*4l 

0 *1S 

0-G4 

0 *2^ 

1 *60 

0*40 

1 *47 

O* W 

2*08 

O'bi 

2 *8S i 

1 >14 

3*88 

1*3^ 

5-os 

2-OZ 

^•57 

2-S3 

8-3S 

3-54 

10-50 

4*20 

13-00 

5-20 

iG-00 

&'40 

- 

1 C-So 

- 

e-io 


0*1^ 

0‘0G I'Ob 

ooo !•«>» 



VtRTIC/XU » L| 


at MiOSPAN 

(at A AHO 5, 6.M.** o) 
CAsfcsCaH^) ^ Ch) 


AT MiO^Ali 
p AT SUP^O*tT A 



Z*Ao 

3*88 

S-85 


MoR»ZONTAL spam • L^ 



(act 5, fc.M. * o) 
caarsCcKc) AG) 


ACT SUPPORT ^ 
AT MiOSPArt 

AT SUPPORT A 
CASA»CbK9)80) 


k,Ci+K) 



+ t4 CASES(c)(d)SCJ) AT SUPPORT C 

-H*S ^illllllllllllllllllll AT MID&PAM 

C O (at d, s.m • o) 


- Z 2 CAsesC^)(«) ** CW) 

. ^mtNfnuiimiin'^ at supportsC so -22-5 


M+x) 


procroura;- p « ma^. ihtensitv op voaoihg. 

FOR filVCH PROPoRTlOfcJS OP PANiA. AHO SE«0CN«S OP CONTNUI-’V, RSAD OPP VALUE K 
SURSTITUTR K ANO APPEOPRlATt VALUES OP k, AHO k« IH PORMULiE. . 
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EXAMPLES OF USE OF TABLES Nos. 15 and 16 
(See also Chapter V.) 


(a) The bases of the columns of a rectangular portal frame, 10 ft. wide and 15 ft. 
high, are equivalent to “ hinged **; the beam and columns are of identical section. 
To find the moments at the head of the columns and at the centre of the beam, if 
a point load of 10,000 lb. is placed at the centre of the beam: 

L = 10 0: H = 15 0; = 7,0 = I; R = = I 'S- 

From tabulated values, ~ for central point load (Table No. jD) 

L o 


10,000 X 10 
8 


— 12,500 ft.-lb. 


Moment at head of columns (= moment at ends of beam) = Mji = Me 

— — 5 — z= ( - 5 -^12,500 = 6,250 ft.-lb. (negative) (Table No. 16). 

3 -f 2ie L \3 + 2 X 1-5/ 

From tabulated values, free B.M. for central point load (Table No. 7) 

WL 

=- = 25,000 ft.-lb. (positive) 


Less end moment 


- 6,250 


(negative) 


Mid-span = 18,750 „ (positive) 

(b) To find the approximate wind moments and forces in the columns of a gantry 
support; the maximum load on each pair of columns is 100 tons, and the horizontal 
wind load is 5 tons. The height of the columns is 48 ft. braced at top and bottom 
and with intermediate braces at 12-ft. centres; distance apart of columns at base 
= 20 ft.: 

100 

P = 5 tons; W = — = 50 tons per column. 

Table No. 15 :— 

H = 48-0 ; h = 12-0 ; D = 20-0. 

e X 12*0 

B.M. in columns at junction with brace = ~ - =15 ft.-tons, 

B.M. in brace at junction with columns = 2 x 15 =30 „ 

Shear on brace (constant throughout length) = —= 3 tons. 

s X 48 

The vertical load on the leeward column = = 50 -f == 62 tons 

plus dead load of columns and braces. 

S X 48 

The vertical load on the windward column = == 50 — = 38 tons 

plus dead load of columns and braces. 

These loads and moments are combined as explained in Chapter XIV to design 
the sections or determine the stresses thereon. 
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^t^ZD STRUCTURES 


TABLE N9I5 



THE SUFFIJIES AB BEIME TO JOIMT OK SUPPOKT AOF AWY MEMBEK Aftl SIMILAKLY FOK OTHEK 
^ BA ♦* I* w ft *1 AftJ MEH5EKS Be, AC,fTC 


^EMBEK v c rur> sinniirsic 

,HW,A^mu«n^ofAB 


^ B A ♦* I* 

L^5- LENGTH OF MEMBEA Aft 

^Aft* f^O^ENT OF INEKT1/S(&HCKETE UmT^OF 

STIFFNESS FACTOAOF Aft« —^ 
Lab 

E • ycxihg's j^oulus fok concaete 

0;^^ • SLOPE OF DEPOKAEO f^EABEK'AB M A. 
WITH NO LOAD ON Aft, P^* O 


-»*» AftJ MEMBEKS Be, ACjfTC. 
2 A^. / x 5 ^ syhmetwcal 


. \ ^ ^ Lab 

9ba“ L^^^^ab" (seetableH 97r^ 

^AB* BAOIACAAM FOK LOAD OH AB 

Zf^m OISTANa PKOM AtO CEMTKOIO OF FKEE 
B.M.DCAOKAMFOKLOAOOH AB. 




2E»V,«L- Pa. 

" ^AB 



4^*^AB^'*’^fiA 

-«Iba 

T.EKO 

XEAO 



KaC . i^AC - ?HaC 

3K(j^+5Knj+2K(,^ K^+K^p+K^j 



6 .M. IN 


EXTEKNM COlUMNS OF BUILDING FKAMES f; 

*^AC _p rO^•^AMES Of ONt ^A 

V+'^AO^n'^A/^ ” ” 

■^•Mac -(Mac+Mao) 


uuDiNG FKAnE5 (?^°i,r.::;^;^:-fLr) 

FOK*AAMES OF ONE BAY WIDTH ONLY H • 0*5 
>♦ » MOW THW< OWE BAY WIDTH H* 1*0 



^ K^+ K^p+ 


■} M,p. 


— B 5 . FOK symmetmcal uve load on Aft 
L^^ and fok apfao9<. 

AHO L^ L^g APPAOX. 


^^ArAND FVr AKE IN ALL CASES LESS THAN B.M. ASSUMING KNIFE EDGE SUPPOAT 
^ FOK B«AH Eft AT A. 



B.M. IN EXTEMOR COLUMNS 


A| 



CgutVALENT OlAEa 

LOAD ON COLUMN 

TO ALUXF FOABENDIHG . 
OH COtUKHS DtSlOK FOA V 
EqUiVAUNTDlfNK.TU>AD 
« FX ACTUAL LOAD ^ 
/BASfOOH STATlO 

I L AE*^TIOHS. 7 

—||F— P*l*Oiiol»I H_ 


-■F P«IOiol 

_ 1 _ F-1.4 
P - l «3 
■- F =» 1-5 


ftRACEO COLUMNS 


w w PH 

^ ^ ^ ”F 

i B.M.ihcol. atahv 

>18 8 ^ 

-►-1 T\ 

I ' MiAAOH cot. * -k 


trh !, rmim 6AACS 

“ICVVO 

LOADS AND B.MS.DUE TO DEAD BEICKT TO ADD. 
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FKAME ANALYSIS 


BY nOnENT 
OISTMBUTIOH 


TA6LE N?16A 


PtBTMBUTlOH METHOD. 


0 COHWOtK EACJI hlMUa A# FIXED tHOlO; tHO HOMIHTt (F » CL) DUE TO tXTtWiAL lOAOD 

OH OlVEH CAN BC OEMVEO FAOM TABLE H? OK CALCULATED. Cjj 


COMVEHTIOH OF SIONB fOK M-L > KEBTKAIHIHO FOFVIHT CtOCKVlBE s POSITIVE . 

IF BYMMBTMCAL UOAO, F^,* - F^^* Aft - IA Qf tiH, PIAO , ^ 

IF HO ENTEKHAL LOAD, F^i ■ • 2EK0. ^ 

LI 

I WNEKE T'tFOOKMOKE HCMBEM FVEET. SUM OF B.H«. AT JOINT « ZEKo(fOK EQMILIBKIUm) 

^Ai'*’^Ac”*‘^Ao"*“* * 

MHU SF(-+F*,- FXc”F^petc) IS UHLIISELY TO EQUAL ZtKO, A BALAHCIHO- \ 

MOntHT > - XF MUBT BE INTKOOOCED AT A. 

I TNi BALAHCIHO HkOHVENT IB OISTMBUTIO BETTFEEN TNE MEMBEKB MEETINQ AT A IN FAOFOKTIOH 

TOTMEIK MLATIVE BTlFFHEms{A® •^) BY HULTIPLYIHO “IF BY THE MSTMBUTlON- PACTOK fO*^ 
FOA EACH F\EMBEA. ^ ^ ^ AT FKEE END 


^ B^VoiAa 

TOA FAEl 

BPAM 



ID X 10 


^B IK AC tK * AT FIXED END D * O 

OIBTMBUTED rtOHINT FOK AB - ^^C. | 

0 EFFECT OF AFFLYINO OIBTAIBUTEO HOMENT ATONE END OF MEHBEK. IB TO FAOOUCE A MOMENT OF NALF TNE MAGNITUDE BUT 
THE SAME AION AT TNE KEMOTt END (tEKMEO CAKF>Y-0VEK) . THUS DIBTMBUTED MOMENT-XF O^ APPLIED AT A 
ON AB, PKOOUCES MOMENT OF - 0*6 ZF * 0;^ AT B . 

0 TNE CAKKY-OVtK MOMENTA AT A PKOM TNE DIATMAUTED MOMENTS AT B,C, D, ETC^ NPILL FFiODUCE FUKTNlK UNtALAHCED 

MOMiHTB AT A, WNICN MUST At OIATMIBUTED AND TNE CAKKY-OVEK FKOCEAS KEPEATED. THEAE AUCCESBIVE OPEKATlONA 
AKE KEPEATEO UNTIL THE UNBALANCED MOMENT IB NEOLiaiBLfi. (sEE EXAMPLES BELOW). 


EXAMPLE the EXAMPLE ON PAGE 56 (sUDPE-DEFLECTIOh) IB EXTEHOEO HUMEWCALLY AND M-HOAKlOiY MOMINT-oaTWBUTION 


ASBUME *.- PQK BYMMETFJCAL U3A0 ON AB, VALUE OF 
KATIO OF ATIFFNEAA FACTOKA:- 

FOAMULA DIAIVID FFOM HOPE - PEFLECTIQH (p.S6) 


24,000 FT IB. 


AYHHETMCAL 

LOAD 


A e 

• 7 -*- — xU.OOOs - 20,671 FT LB. 

JK,+4K^+4l^0 L 7 

—= - ^(-20,S7l) » +6,857 Fr.LI, Mj* » + S, 428 Fll». 

Hab ” Mac » iO.B7l - 6,657 - •*'13,714 Mca» 4 Mac - 6,857 FT.L5 


■Jr^Ao* + 3,428 FILB. 


BY MOMENT -WBTMBUTION. 
ft A 

^“k+^A + '/jA 


WBTAIBUTION FACT0AS(D] 
FIXED BHD B.MS. (F) 
IIT. OtBTAlBUTlOH 
IST. CAAAY-OVEA 
2no. OIBTMBUTION 
2NaCAAAY-0VCA 
iPA. OIBTMBUTION 
SMDlCAFAY'OrtA 
4TM.PIBTMiUTIOW 




o 

- + 8,000 

O 

- +4.000 

O 

-+ 1,000 


o 

o 

o 

M-2,000 
O 

V 1.000 

o 

•"•F 250 
O 


1*0 
4*24.000 
-24,000 
+ 6.000 
- 6,600 
+ 6,000 

- 3,000 

+ 760 

- 7BO 


r 


SUMMATIONB 


^ AFTEA JST DIBTAIBUTIOW 

> 2 nol « 

Sad " 

4 th. • 

► 6th. * 


h _ % _O_ 1*0 ~ 

-24,000 o o 4*24.000 

+ 12,000 +4,000^ O -24,000 

-12.000 O M-2,000 + 6.000 

4* 6.000 +2,000^ O - 6,600 

- 3.000 O *^4 1.000 4* 3,000 

4- l.SOO 4- 500^ O - 3,000 

*- 1,500 O *"4 250 4 750 

4 750 4 260 _ O - 760 

-26250 4 6750 43,250 O FT.LB. 


- 12,000 FT.LB. 

ACCUKACY MCMABEB VITM IHCKEABE IH NUMBEA 

- 18,000 • • 

-* 19500 • • WBTMBUTIOH OPEAATIOHB, BUT AEBULTB AKt • 

— tt)26ft ■ • lUFFICIIHTLY ACCUMTE AFTEK TNfO MTAIBUTIONA 

- fOAXT • » ^ beamb^iei table WUa)and FOUK FOK OTNCK CASU. 

ETC. COMFAKEO IflTM M^| a*-20.571 FT.LB. BY SLOPE OEFLCCTIOH, 
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PORTAL FRAMES. 


TABLE N?I6 


fkameformI loadino 


REACTIONS AND BENDING MOMENTS. 


^A-S Vp»oV M*=M^-0 



I«L 

R. = R + 2 
K _ llicSsJ 

• ftK-H 
K3=: 2R^l 
3R + 1 
^5= 2R+1 
R + l 



K7aRf5+f(3-t) 

R-. = 2R+G‘»-3f 
• +ot(3«f] 

Rj = 2R+6i-3^ 
K^= 3 R-* 4 ( 4 R+I) 

K„=K(R+ 4 )+f* 

•* +eRf( 3 + 2 f) 

Kij=R+ 4 ( 2 R+ 1 ) 

R,.=R-f(3+Zf) 

t3z,f(2+f\4f 

R,.={K+4+3f)K 

r" a O-z . ) N 

3R+1 

R|y= R+Z+f+EiilAt 

R^=2(B+^2f&+f 

-3z,(Rt^' 


Ho =0-5oW + ^„fV - R.) C, - Rx] 

Vd°-{:(^B-*->4c) ^^c•HeH-Mp r PWaHR+^RNl 

„„.,.sm[(,* J 

Mb= WoL- H*H H^H Mo/° ' ■ ^ 

Vp =■ osy Ma» ^^o=^ O Mi^(Ho+aV)-MA 


^ Mc-OV,-aV M,=M,=0 




WIN AL50^ ,, 

HIHOEO AT C H, 


Mc=0-5[wh(i+o)-Ma+M|]-H,H(|+|) 


WHENALSO^ OW .. . WoH . 

H(NO£0 AT C He =» YfiTT] “ L~ ^0 HjH 

„^_ 'iCtaHISg'VCRiV - M,=H(«b-H,) FVM^»0 

Me = O.BWoT- H.H(.+f) |vE = -t:(VQH-M,-M,) 

”* = 6RR„,N; 

Me» 0-5['l{tJH- Ma+M j] - H|H(l+f) 

m!I> = RR,gN)Tj^^H(3Ri-2)t6RH] 


Ha-I^^ f\-0 V, - QW 

„ ' 3'ifeL - Mb-WoL-HaH 

4H *fC3-l-0+5 + R MksHaH M^cMg-O 

Mc=»O- 5 > 5 (^aL-HAH(l +0 


M cMg-O 
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EXAMPLES OF USE OF TABLE No. 17. 

(a) To determine the variation in pressure under a plain concrete foundation 10 ft. 
long by 2 ft. thick by 8 ft. wide carrying a load of 100 tons placed i ft. eccentrically. 

Weight of base = - ^ ^ lo tons. total load = 110 tons. 

2,240 

Taking moments about the short side of ba.se = (10 x 5) -f (100 x 4) — 450 
ft.-tons. 


Eccentricity = — — 

2 no 


091 ft. 


Since ~ 
o 




= 1-17 ft. and e = 0-91 ft., ^ 
6 X o-9i\ 


1*545 or 0 455. 


= 213 tons per sq. ft. 
= 0-636 „ ,, 


. 1*545 X no 

Max. ground pressure = ~ — - - - - ^ — =2-13 tons per sq. ft. 

, ^*455 X no 

Min. ground pressure — pz = — g — = 0 636 ,, ,, ,, 

(b) To find the maximum ground pressure under the base in (a) if the applied load 
is 2 ft. off centre. 

Moments about short side of base = (10 x 5) -f (100 x 3) = 350 ft.-tons. 
Eccentricity — 5 — = i -82 ft. ; ^ > y. 


/f = — 




= 2 09. 


j 2 09 X no „ ^ 

Max. ground pressure = — 

(c) To find the minimum depth of the foundation in Example (b) to prevent spew¬ 
ing if the foundation is in dry sandy soil. 

From Table No, 5, /fj can be taken as 0 27 and the weight of soil can be 
assumed as 100 lb. per cu. ft. 

Substituting-in formula on Table No. 17, 

, 2-89 X 2,240 

Minimum h ~ - -X 0-27* = 4-73 ft., say, 5 ft. 

(d) To find the bending moment at the position of load IV2 on a base 50 ft. long and 

5 ft. wide, carrying five unequal point loads as shown in the diagram on Table No. 17. 
The loads (in tons) are Wi =50, PFj = 45, ~ 40, — 35, and — 30; the 

distances are = 45, 2, = 37, z^ = 28, z^ = 18, and -3*5 = 5 ft. Thus £W = 200 and 
£Wz = (50 X 45) + (45 X 37) + (40 X 28) + (35 >? 18) + (30 X 5) = 5,815. 

. . 5,815 50 _, L, 


— = 4 075 ft- and is < -^{ = 8 J ft.) 


k = 1 ± 


6 X 4-075 


1-489 and 0-511. 


. 1*489 X 200 

Maximum pressure : p^ == - - — = 1-19 tons per sq. ft. 

. 0-511 X 200 

Minimum pressure: pm —-= 0-41 „ „ ,, 

50 X 5 

At the load = 50 — 37 = 13 ft. 

Px —)(i-i9 — 0-41) 4-0-41 = 0-987 ton per sq. ft. 

Also 8, = o. 

.*. XWx = 4- W^Xf = 400 4- o = 400 ft.-tons. 

B.M. at x.x. 


-(2 X I’19 4 “ 0-987) 5 400 - 470 


70 ft.-tons. 


(The B.M. at other sections could be found in a similar manner.) 
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FOUNDATIONS, PRESSURES. 


TA5LC N«17. 


SAPt PRESSURES ON GR0Ur40« 


NATUee OF GOOUNO 


Muo, MUOOV CLA\'&^ ETC. I O llD 


TO 


alluviau earth 


ARTiftiCIAL FlU-IHG 



MAQL« PtPM SMALE 


CHALK - SOFT 


■ HARO WHITE I 2^ TO S 


ROCK - VERY SOFT 


' MoOERATEiy HM»o| 5 To 10 


»2CM»rO 


SAFE PRESSURES ON /toNS PCEA 
\4AgiOU& MATERIALS . \SQ. FT. / 


SAFE PRESSURE 
MATERIAL .2—_ 

(see ALSO 5s.riP(l49 general I l*b*A' 


CONCRETE - MlV A 


concrete - MiK C 



All brickv^/ork in p-c- mortar 


MAX. qROUNO PREESORe at depth h rx 
TO PREYBNT SNEWiNa:— 

SAKIO ANO qRANULAR SOIL’S: 

p -isib- 

rmA*. 

_ wh _L ik /1 ^ \ 




tJ *» WT PEE CU. FT. OF SOIL, 
k-"' Pea TAEuE SfwiTM 0 ** a 

See PAqE ^6 For vauo6%<3P Aftk. 

YfHBM MlNUAUM TASULAttO OtFTHS A«. 
EKCCEOEO^ safe P«e»9v;EE CAN EE iNCKfASCO 
Er '’r>»T(*>is oerTw* k uo *' p«o%/t&«o povf’^um 
Aaove AA-t SATI^F'ieO. 




Combined foundations • 

CO Method APPLICABLE id anv number op loads, (also Applicable WMeNCi»0 

. V I.E.VUHENp* 

Wi iw ^S W5«^c. 

.C:~ dr::rfe :,h!::^r 

TIT I F^' R calculate and P as above. 

-•«M-4 qX- 

^ ^ 8.M. At * Xwv — —f2T: 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. i8. 


(a) To design a base for a 15-in. square column canying 60 tons, (i) with ground 
pressure not exceeding 4 tons per sq. ft., and (ii) with ground pressure not exceeding 
IJ tons per sq. ft. Assume 1:2:4 mix (stresses as in Table No. 23) generally. 

(i) Adopt type (a). (For plain concrete base use i : 6 mix ; S, = 80 lb. per 
sq. in.) 


B < 12 


5? = 20*8 in.; say, reinforced concrete footing 21 in. square. 
20 


^ ^ 1 -14) = 7*4 in. ; reinforced concrete footing, say 

150 \I5 21*/ ' ^ 

12 in. deep. 

Check : B > 15 4- (12X 3^) = 45 in. Satisfactory. 


A < 12 



— 46*5, say, plain concrete base 48 in. square. 


D 4; in.; plain concrete base 18 in. thick. 

Check: > 21 -f- (2 x 18) = 57 in. Satisfactory. 

(ii) Adopt type (6) : 


A<12\/^L^ 

1*5 


= 77 in., say, 6 ft. 6 in. square. 


11 

78 


0*192. 


For punching shear : D < yg ' x ' iso lo^ “ 

60 X 78 

B.M. on x,x. ==-(2 -f o*i92)(i ~ 0*192)* = 281 in.-tons. 

24 


NOTES, 


Independent Bases, Types (b) and {c). 

The minimum resistance moment of bases of these types is given by 

R.M. = QC^ in.-lb. 

where 0 = resistance moment factor (see Table No. 27) 
d = effective depth, (in.) under column. 

Cj = dimension given on Table No. 18. 

(If the base is of uniform thickness Cg == A (ora).) 

The area of reinforcement required (in each direction mutually at right-angles) is 
given by 

B.M. (in.-lb.) on AA. 

ja — _ 2 _ 1 _ 


where a^ = lever-arm factor (see Table No. 27). 

t = allowable tensile stress (lb. per sq. in.). 

This reinforcement should be distributed symmetrically under the column in a 
band of width C + 2d. 

If C 4- 2d < (or a) additional reinforcement should be provided outside the 
limits of this band. 

When A > C -i- 2d bending moments can be neglected and only nominal reinforce¬ 
ment provided. 
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FOUNDATIONS . independent sases. 



TABLE NPI8 

INDEPENDENT BASES WITH CONCENTRIC LOAOS . 




w w 

1 1-,^- 

LIGHT j 

"^1 

1 

w 

■J 


1 i I^REIRFORCEMENJ.^ ■ ■ '‘'■*'‘■4^^^^ 

oJT 







C2«rSAre OtMfiNSlOtsiS IN IMCHC6. 

5T#M»*(tton* p«r Vf?^ ^ LOAD P«OM OCX.UMN iN IR^MS, 



Sk~ SAre rUNCHINq Wft » WCiCiHT or eA«€ MMUDN^. 

SHEAR STRESS , 

(ll^.bcr infj p » S4r& ftCAttiNO racssuae orM oqouimo in tone SR.rr. 

(a) - (C) 

— w+We ^ r44Cw/4'W5) 

6 -t^izj ^ >c+2d A h: 12 V—p Aa < —^- ' 


A ^izj — >6 + 20 6-M. on k.x. in inch-tns:- &.M. on X.Xin incm-tns: 

^ - yg 5(2 + R)(,-R/ - ^^2+rXi-e) 

d 4 SfeOW Ci ” B») , N 


o 4 s^(-k~A^) 


CONTtNUOuS 




Mfkss CDNcgCTR Piers . sizes in inches. 
C*«uare) 

, I w ii r ^17 

(or as RCOOiREO RSR L ^ ^ ^ 

ecHOir^a mombnt) C -h z 

B.M.AT X * B C .—- 

A < V2 J ^ B -V 20 

B.M.Pe«FOOTATVj. I - 1 wr-w+wT.o-P«« 

I !■> I 


BALANCED FOUNDATIONS. ( Moments ano Reactions doe to o«ao wt- or ^ 

■ ■ . .. . Seam to ae alcowed ror in aooition.^ 




MiN. anchorage wt. « w^ » ; P ■- 

p, * Wi - WzLs More-.- 

L2 fc^ses to take. R,ert, 

1 I . < . OCSIONEO ASR 

CL m H concentric uOAO, 

'2 Lz 
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EXAMPLES OF USE OF TABLE No. 19. 

(a) To find the safe load on a pile 40 ft. long, 14 in. square, driven down to a 
gravel bed. Driving record as follows : 2 tons single-acting steam hammer dropping 
42 in.; 12 blows per final inch of penetration ; weight of helmet, dolly, and stationary 
part of hammer == 4 ton ; dolly in good condition at end of driving; weight of 
40 X 196 - , _ . , . ^4 

P'*® “ "a 7 2 40~ = 3* tons; P = 3* + i = 4 tons; - = - = 2 : 

(i) By Dutch Formula : 

P 

From Table No. 19 with “ ~ 2 and ti/ = 2, safe load may be from 

40 to 60 tons for Hn = 360. Adopting lower value with dolly in good 
condition, Hn = 42 x 12 = 504, and allowing for 10 per cent, increase 

504 

due to type of hammer, safe load = 40 x x i*i — 49 tons. 

(ii) By Hiley Formula : 

Effective drop = = 0*90 x 42 = 38 in. 


For - 2, e = 0*37. 

w 

For medium driving, c 
Settlement load 


0 295 for L 

2 x 38 X 0 37 X 12 
I Hh (0 295 X 12) 


40 ft. 

-f 2 -f 4 = 73*5 + 6 = 79*5 tons. 


70* S X 2 24.0 

(Check : driving pressure ~ - = 910 lb. per sq. in. 

Easy driving «= 500 lb. per sq. in. 

Medium „ = 1,000 „ 

Hard „ = 1,500 

Very hard „ = 2,000 ,, ,, ,, ) 

79*5 

say ■'- = 40 tons. 


Safe load 


Hence by two formulae the safe load seems to be between 40 and 50 tons. 

(6) To find the safe load on a 15-in. square pile driven 40 ft. into firm mud without 
finding harder strata : 

By Rhode formula : k^ — o*oooi ; A* = 0*021 ; 

B = D = 15 in. 

Safe load = 4o[(b*oooi x 40 x 30) + 0 021] = 5*64 tons, say, 6 tons 
exclusive of weight of pile. 

(c) To find safe load on same pile as in (6) if bearing on wet clay : 

A3 (applicable to material driven through) = 0*015 
A4 (applicable to material founded upon) == 0*623 

IF = (40 X 0*015 X 30) -f- (0 023 X 225) == 23 tons including weight of 
pile. 


HOTES, 

In all pile loading calculations it must be remembered that a formula can only 
pretend to give comparative values that must be combined with the results of tests 
and experience when assessing the safe load to which a given pile, driven under certain 
conditions, can be subjected. 

For short piles the toggle holes provided near the head of the pile for guiding can 
generally be used for lifting purposes without producing excessive bending moments. 
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PILES. 


safe load w « 


ui^Hn 

c(P^oj) 


TABLE Ne iq. 




to WeiOHT OP H«kMKlSR »4 'TOMS . H • OOOf> OP MAMMIR P4 tNCHBS,. 

P • WeiOHT OP FtUft , HBJ.MeT« ATC. r> wNUMMQ OP AtOV^ P«R INCH PENCTRATtONI • 


VAL.UCA OP w pos n « to AMO H « 8^ Cton«>) max 


^2 TON. I ^ TON. 


1*4 TON. 


M»N. MAX. I MIN. I MAX. I MlN. I MAX. | MlN. I MAX, I MlN. I MAX. I MIN. I MAX. I M»N. 



U&C MAXIMUM VACUA iP NO HACMAT !« UAEO OA IP OOCUV Ifr 0esrf2OVeD AT CNO OP QRIVlNO. 

Minimum vauuc ip ooccv and pacxing aac in oooo condition at ano op daivina , 

TAOULATAO VACUA& X MO 

TOO othaa vauuaa op n ano H |— w • :*?SyyV^Tg| , ^ - 

X^AlJUeftOP WCAN 61 INCAAASAO 6V lO^ IPOINALA ACTINA STAAM HAMMAA « CMPuOVAO. 


HIW.EV POBMUCA. U) H, eo 


ieTTCtMBNT LOAD 


U) H, eo ^ 

>Ao -p Wk. » - - - -h a) -»► P 

I +tn 

(ito. SIW4I.ICATION or Ui n, and P stt AMive) 


SAPA UjOAO — TO (TO« SI6NIPICATION OP 0)10,/ 

(UOWVCA PACTOA or SATtTV ASSOCIATAO WITH haroca. oa»vik<;.) 

VAUUAA OP OAOP (H,) PAAALV PACLING OAOP HAMMAA 

ACTUAL DAoP Single acting stbam hammee 

WINCH operated DAOF HAMMEA 


Actual daop 


f ppiciENcv OP Slow *• 


LSNaTHOPPiCA 


* 1 

• oo 

« 

•qo 

- 

•fto 

1 

"7 

IBI 

*17 


VALUES OP C 
W reMPOAAAT 
Elastic 
eOMPAAECiON 
FACTOR. 


EEicsEiQEicsasiBaassi 


■I 111 [ ninM 


• 126 

•155 

•170 

•»56 

•200 

•255 

•2G5 

•2q5 

•525 

•355 

•52S 

•570 

•415 

•ACtO 

•505 i 

•sqs 

•455 

•515 

•575 

BIBI 


tabulated values Aee minimum 
Ano assume oollt ano p&cxing 


FOR CLAV soil • 05" 

POP COPT ANO PEATT SOIL * 20* 


Pg^CTtON P<LgS^ (cCCTANGULAR SECTION % eVo") 

CO CONSISTENTLV SOPT MATERIAL 

(ii) TVIROUGH SOFT MATERIAL ANO SEAPR4G ON SOMEWHAT 
Firmer strata t ~ / 

, ^ (ACAPTCO^FRom 

w » + K 4 ^C> A4<unter) 

EMSaOOEO length op pile in pest. 


VALUES OP FACTORS 


kx 


TYPE OP 
GROONO 




WET CtAV 

MYCUIYettANO 
fiOAPM 6ANO 
0 « OOAWL 


Wa 

ks 

r~~=— 

.012 

•021 

Wist 

ea 

•OlG 

VSli 

•055 


•045 
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EXAMPLES OF USE OF TABLE No. 20. 


(a) To design a retaining wall (T)rpe a) for the following conditions : 

A = 10 ft.; H — 12 ft. 

P 2,000 lb. per ft. run of wall, -y = 3 ft. 6 in. 

Po = 2,150 „ „ M :K = 5 ft. 3 in. 

Weight of earth = roo lb. per cb. ft.; surcharge = 224 lb. per sq. ft. 

B.M. at A.A. = 2,000 X 3 ft. 6 in. = 7,000 ft.-lb. = 84,000 in.-lb. (See Note below.) 
From Table No. 30, stresses 16,000 and 600, a suitable section for the wall stem would 
be 10 in. Therefore stem of wall at A A and base of wall at edge of haunches 
would be 10 in. thick tapering to 6 in. 

Assume L = 6 ft. and toe projects 6 in. in front of wall face. 

To determine W and x (by moments about toe of wall) : 

Wall stem : 11 ft. 2 in. x 96 av. = 1,070 lb. X i ft. = 1,070 ft.-lb. 

Wall base : 6 ft. x 96 av. = 576 ,, X 2 ft. 6 in. = 1,440 ,, 

Haunches: say = 70 „ x i ft. ~ 70 ,, 

Earth : 4 ft. 8 in. by ii ft. 4 in. x 100 = 5,300 ,, X 3 ft. 8 in. =* 19,400 ,, 

Surcharge: 4 ft. Sin. x 224 = 1,045 ,, x 3 ft. Sin. = 3,^40 ,, 


X 


W = 8,061 lb. 


25,820 

8,061 


= 3-2 


ft. 


Wx = 25,820 ft.-lb. 


Stability : x < 1-5 ^* - ^^ - ^-^ = 2*1 ft. Satisfactory. 

Sliding: W < 3*75 X 2,150 = 8,060 lb. Satisfactory. 

, 2,150 X 5 ft. 3 in. , 6 

Ground pressure : e = —-—8~^i— -1- - — 3*2 = 1*20 

6e = 1*2 X 6 = 7*2 which is greater than L ^ t it. 

By the appropriate formula given on Table No. 17 

__ 4 X 8,061 

^ 3 X 1(6 — 2 X 1*2) 

Max press. = 1*32 ton per sq. ft. 

(6) To design a sheet pile wall 12 ft. high, freely cantilevering. with angle of repose of 
material = 35 deg. : 

Here H = 12 ft. B — 35 deg. 

Hence k\ = 1*4. k\ = 10. 

Driven length of pile = 10 x 12 = 12 ft. 

Total length of pile = 12 -f 12 = 24 ft. 

Span of sheeting for purpose of calculating bending moment = L = i*4Xi2 
= i6-8 ft. 

The pressures in front of and behind the wall, and the point of application of 
these pressures can be computed as indicated on pp. 89 to 92. Having calculated 
the moments, suitable sections can be determined froih Chapter XI. 


(c) To determine the moments and forces in the walls of a cylindrical water tank 20 ft. 
in diameter, 30 ft. deep, with walls lo in. thick at bottom : 

Here D = 20 ft.; H = 30 ft.; d = 0-83 ft.; tc/ » 62 4 lb. per cb. ft. 


With'^ = 32 

D 20 


1 * 5 ; 


H ^ 30 
5 * 083 


36; 


F = 0*003; ^ ~ 0*20. 

B.M. (vertical) at A : B.M. = 0 003 x 62*4 x 30* = 5,050 ft.-lb. 

Position of point of maximum ring tension: L = 0*20 x 30 6 ft. from bottom. 

Max. ring tension =r 0*5 x 62*4 x 30 x 20(1 — 0*20) = 15,000 lb. p^r ft. height of 
wall. 


NOTE. 

When a single splav only is provided at the base of a retaining wall, the critical bending 
moment in the stem of the wall may be at the bottom of the splay (instead of at section 
A A), The resistance for this section should be ba.sed on a thickness less than the thickness 
of the concrete at the bottom of 45-deg. splays. 



RETAINING WALLS & TANK WALLS 


CANTlLEVtR ReTAlNlNG WALLS. 


im. 







p 

H 

h 


^ -X. 

W 

i A 







STAeiLITV t 


Type ( 6 ) Tvpe (b) 

X -l: 1-5 ^ 


CFbl? calculation oi» ' 
peessiMA left table' 

||L' P « REEULTANT OF ALL ACTIVE 
HORIZONTAL PRCASUAES. 

P » RCAULTANT OF ALL ACTIVE 
^ HOOIZCNTAL PEBSSURCS ACTINfi 
OH STEM OF WALL A80l^ A.A. 


- P UHITS*- 

POQCEB.LES. 

WeiGiHTO . . . . LES. 
H OlMCNStONS . . feet 
E.M's. ... FT.lbs. 

(formula* AI^E PER 

- UNIT LENGTH OF WALL) 


W = resultant of all vertical loads 

ON WALL INCLUDING WT. OF STEM ANO 
EASE, AND EARTH ON EASE,SURCHARGE, 

BTC. 



ELIOINOi: APPLICAELE TO DESIGNS OMITTING RlE SHOWN IH (h) . 
ground pressure : e ss-EOCENTRlClTV OF COMBINED P AND W 


W < 3-7SP 


C ss-EOCENTRlClTV OF COMBINED P AND W * — X- 

SUESTITUTC € IN APPROPRIATE FORMULA GMU ON TABLE N4 17. 


ECHOING MOMENT X AT A. A. 



RESTRAINT AT BASE OF WAULS Of CYl-INORlCAL TANKS. 


r 


•075 

•047 

•03G 

•028 

- 

- 

- 

- 

•04(0 

•028 

•022 

•CIS 

- 

•5o 

•45 

•4o 

•052 

•oiq 

•014 

•010 

•55 

•43 

•38 

•35 

•024 

•014 

•010 

•007 

• Bo 

•34 

•35 

•30 

O 

o 

•012 

•004 

•006 

*45 

• 37 

•32 

.27 

•012 

•006 

•006 

•003 

•37 

•28 

•24 

•21 

•000 

*003 

•002 

•002 

•30 

•22 

•14 

•IG 


D » DIA. or TANK . 

H * DEPTH OF TANK. 

d * WALL thickness 
AT A. 

-T by ® wT.pERcarcQf 

f CONTAINED LIQUID 




(units: feet and les.) 

B.Nl. AT A: M« FU)H^ 

MAX. Ring tension : T~*Su)H*o(l — k] 

POSITION OF MAX.RING TENSION 1 L •» K H . 
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EXAMPLE OF USE OF TABLE No. 21, 


(a) A single rectangular cell measuring in the clear 12 ft. 9 in. by 10 ft. 6 in. without 
cross walls or ties, and subject to a uniform horizontal pressure of 200 lb. per sq. ft. at 
a given depth; to find the maximum moments and horizontal direct tensions at the 
given depth, assuming that the walls span horizontally. 

Assuming the walls are 6 in. thick, the effective spans of the walls will 

B 13*25 

be 13 ft. 3 in. and ii ft.; hence =- = 1-2. 

^ D 110 


Mj == B.M. at corners = 


97 (approx.) from Table No. 21. 
PD * __ 200 X II* 

"X" "" 97 


= 2,500 ft.-lb. 


Free moment in U = 


200 X II* 
8 


Less corner moment 


= 3,025 ft.-lb. 
= 2,500 „ 


Positive B.M. at mid-span of D 


525 »» 


Free moment in B = 


200 X 13*25* 
8 


Less corner moment 


= 4,390 ft.-lb. 

== 2,500 „ 


Positive B.M. at mid-span of B = 1,890 „ 

Direct tension in short side 

jpB 

= — = 0*5 X 200 X 12*75 == 1,275 lb. per ft. 

Direct tension in long side 
PD 

== — = 0*5 X 200 X 10*5 = 1,050 lb. per ft. 

The appropriate moments and tensions would be combined as described in 
Chapter XIV. 


NOTES: 
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EXAMPLES OF USE OF TABLE No. 22. 


(а) For an example of the design of hopper bottoms see the typical examples 
given in the pages following Table No. 40. 

(б) To determine the principal forces on the bottom of a ** balanced cylindrical 
tank (i.e. Intze type), given the following: 


D ~ 40 ft. ; = 25 ft.; ^ = 48 deg.; d = 40 deg. 

= 582,000 lb.; = 639,000 lb.; — 296,000 lb. 

From Table No. 40; cosec Q = = 1*55 ; cot 0 = 1*192; 


cot <l> = 0-900. 

Vertical shear along periphery of domed portion = Fj 


582,000 
314 X 25 


7.400 


lb. i>er ft. run. 

Thrust at periphery of domed portion ~ T^ = 7,400 x 1*55 = 11,450 lb. 
per ft. run. 

The values of and Tj determine the thickness of the dome at the springing (see 
Chapter VII). 

Outward horizontal thrust on ring beam at B from dome = = 7,400 

X 1*192 = 8.820 lb. per ft. 

Shear per foot along inner periphery of conical portion 


-Ft 


639,000 4* 296,000 
314 X 25 


11,900 lb. per ft. 


Inward thrust on ring beam at J5 from conical section = P, = 11,900 x 0*900 
= 10,700 lb. per ft. 

d 

Resultant circumferential force in ring beam at P == 2^"^^ ~ ^ 


(8,820 — 10,700) = thrust of 23,500 lb. 

(If Pj exceed P^, this circumferential force would be tensile; the ideal case is 
for Pi and P, to be equal, thereby producing zero force in B —see note below.) 

296,000 

Shear per foot along outer periphery of conical portion =r Pj « 3 * 14 x 40 
*= 2,350 lb. per ft. 

Outward thrust on ring beam at top of conical portion = P, = 2,350 x 0*900 
= 2,120 lb. per ft. 

Ring tension in b^m at top of conical section == 0*5 x 40 x 2,120 = 42,400 
lb. 


Vertical walls must be reinforced for ring tension due to the horizontal pressure 
^2'ADh 

of water ; ring tension =-lb. where h = head of water at section considered. 

Conical portion must be reinforced to take a similar ring tension, and this steel 
can either be distributed throughout the height of the conicsd section or be concen¬ 
trated in the ring beams at the top and bottom of the section. 


NOTES. 

In Intze tanks of large diameter, the width of ring beam B may be considerable, 
in which case the weight of water immediately above the beam should not be considered 
as contributing to the forces on the dome and conical portion. With a wide beam, for 
the dome calculations 

Wi weight of contents over the net area of the dome 
d >n intmial diameter of ring beam« 
and for the conical portion 

weight of contents over the net area of the cone 
d » external diameter of ring beam. 

If this adjustment were made for a ring beam of reasonable width in Example (6) above. 
Pi would balance P,. 
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BOTTOMS or BUNKERS & TANKS. 


HOPPER. ^ -U)WT. Pe« CU.FT. 

BQTTOMSi t "in «“ ” 


TA 5 LE N 922 . 



1 

L 


V 

^-wh 
_1- 

r 

_L 


.p=k«ly 


U) *=■ WT, PCQ CU.FT. OF FlLUNG. 

(4)5* WT. OF SLAB PER SQ.FT. 

INTENSITV OF Fi»SSURE NORMAL TO SLAB:- 
U>h (k^SlN^d 4- COS^e) 4* 1 »)^ COS & 

(S££ poa w^alu^S of f^) 

(see table N9 5 FOR VALUES OF k^.) 

W| = ta>[|(ab + lD, + JobTl^) + lD,h]+U>i 

= 10 + LB+Job7L6^J + LBhJ + uJz 

CO, * WT. OF Bottom below level C , 


ft 


OC'rf AMINATIOH OF HOffIZOrJTAL STEEL AT MtOSPAN 

-575 P„D* .N.UM/FT. 

OIRECT TEMStON * •5fJ^S«N gIlBS/fT, 
OETEAMINATION OF LOIslStTUD\NAL STEEL t- 

. at centre of slope : 

I* 6.M. = *57513 C> IN.lbs/ft. 

__ Wi 


OiRECT TENSION = 


2 SIN 0,(1+Cp 


AT TOP OF SLOPE : 

e>.M. = 'BTSp O^in.lBS/FT. 

OiRECT TENSION = -iCL-- 

2 SIN 0,(l+ 6 ) 

vertical HANOlNO-UP FORCE AT BASE OF WALL? 

:= - 7 ^, LBS./FT. 

2CL+6) ' 


DOMICAL 50TT0MS Of CYLINDRICAL TANkTS. 


FEET O LBS.) 



.W| * WT. OF CONTENTS ABOVE DOME INCLUDING WT. OF DOME . 

Wl 

SHEAR PER FT. * f, 3-14 J 

THRUST PER FT. AT PERIPHERY OF DOME = =: fj COSEC. 0. 

Pj ssfJCOT. © RlN<Si TENSION IN BEAM AT A| = -IGW, COT.©. 
' -^ AS ABOVE. 

T”! ss WT. OF CONTENTS IN PORTION ABOVE CONE 

INCLUDING WT. OF CONE. 


' CARRIED BY WALLS. 

VALUES OF F, , T, ANO P^ AS ABOVE. 



^ ^ S*l4d ^5 ~ 5*14 O 

COT. 41. Pj « P3COT. <t> 

RING TENSION IN BEAM AT 6 1 = * 5 d ( P| “ F^) 

expftesseo in los. per root.) 

(loeALCASE : p »e). 
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NOTES. 

Summary of Working Stresses. 

Concrete : c = one-third of ultimate strength of 6-in. cubes at 28 days. 


Maximum 

Working 

Stresses. 

Compression due to pure liending (or combined bending and direct 
force): 

Buildings, bridges, bunkers, etc. . . . . . . c 

Impermeable construction : in contact with water . . . o Sc 

ditto beam ribs remote from water face . c 

At support section of continuous beams (only permissible if theo¬ 
retical negative bending moment is used without reduction). 1-125^ 
Direct compression (applied to whole area of columns with inde¬ 
pendent binders and to core section of columns with helical 
binding) .......... . oSc 

Shear stress : When whole shear resisted by concrete . . . o i^; (> 150 

lb. per sq. in.) 

When whole shear resisted by reinforcement . . . .0-4^ 

Punching shear ......... o-2c 

Bond stress (see Chapter X) . . . . . . . o ic -f 25 


{> 150 lb. per sq. in.) 

(See Table No. 23 for limitations of shear and bond stress for im¬ 
permeable construction, and Chapter IX for values of direct 
tension on concrete.) 

Reinforcement ; Tension due to bending (or combined bending and direct force) 
with ordinary mild steel : 

lb. per 
sq. in. 

Buildings, bunkers, etc. ....... 18,000 

Bridges .......... 16,000 

With high yield-point steel = 50 per cent, of yield 

stress and 27,000 

Impermeable construction : Beams and slabs in contact with 

water ......... 12,000 

Beam ribs remote from water-face ..... 16,000 

Compression due to bending or direct compression . . . = stress in sur¬ 

rounding 
concrete 
X (m — i) 

18.000 
18,000 
12,000 

18,000 
12,000 


Steel-beam theory. 

Direct tension : Normal construction .... 

Impermeable construction. . . . . . 

Shear reinforcement: When whole shear is resisted by 
reinforcement . . . . 

Ditto in impermeable construction. 
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CONCRETE MIXES AND STRESSES 


HOKAiNA^L. 

VOLUMETRIC 

RROPORTIONS 


1:6 1:0 I :Z :4r 


iwciaf-ftiii 


T£>£>LEN9 22>. 


I r/i: 3 I I : I : -z loiirTS 



(t) iT^ r4 

4| (4) 3*4 Th. 


Z « g CCMEHT 

I efi 

« t 0 n AttGRtGATE 

9 i I? • COAft«£ 


I »i 


COARSE V 
AARRROATC. I 


6IS L^S 


II ^145^) lo/'t 04^ IO'4 (134) 0“^) co.^T 

2-2 21 20'4 IftVi CU.PT. 


Wl OlK^LITY# 0«RD. OEO. ORO a I 

I er-tr:. ^ M ITa' 

S cooe - - E S(h.^) 


mo 1480 k 250 2450 




nr mCad i i(rt&) 


^50 2^25 3750 LS/in? 


^700 - 3&00 


617 

W6I 

(SJ80) 

dso 

1100 

e75 

C>63 

641 

(880) 


330 

750 

8&0 

- 

<5oo 

- 

1200 


105 

(85) 

as 

no 

58 


4ZO 

(«50) 

340 

440 

350 

\QA 

tio 

170 

Z20 

155 

107 

130 

(lOO) 

no 

I5S 

1^5 


I i I «RECl 4 kL CALC ':S. 


15 IS \ \s \ 15 


14-0 18-3 KL-Q, «*7 \\Z-\ l5-7 I 0*7 



NCRMAkL U&eS ROUMOATlCr«8. 

RRUCft ft VIAUU5 

CONCCerCft ftUf 40 lNO. 

ftrrft coHCRRTe, 

OP VMlOUS PlUUNO. 

MiXftS. 


I QURHITTlftS OP Pir»«. ftOOReGATft ASSUME ORV MAiTftRlALS^ VALOBS If* ERACKRTS 
ASSUME 80% ftUUKlHO SUE TS OAMPHSSS 
OUALlTV *Ar (ijSHSON EV^ UAWft) CORRESTOI^OS TE * HlOH ORADK" (COOft OP P-eACTtCft). 


POR RULE POR PROPERTIES OP MIXES HOT TAEOUATRO Sre CHAPTER i2S . 
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NOTES. 
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RElNrOI?CEMENT >-• ADHESION 

TA6Lt N?24. 

MINIMUM LAP lengths. (teNSIOn) 

(sec ALSO CHAP. S) 


IN bAwR. 
Lb. PER IH 


UP TO 

10.000 


11.000 


12.000 


IVOOO 


14; 000 


iS.OOO 


10.000 


17 000 


18.000 


20.000 


22.500 


5.000 


27.000 


LAP UENOTH • N X Dt^. OF bAP. VALUES OF N FOR I* 2* 4 MlX . 



POR SONO stresses FbR OTHER MIXES SEE TAbLB. H9 2b. 

MIK.H COMPAESSlOH CAP- l.EH&-rH • 24 C>lAMS. ^ FOR lMPeAM 60 .EL 6 CONSTRUCTION * 50 t>l A. 


STANDARD BENDING DlM£N5IQN5 , 




ONLV OlMCNdlONS A, &« 
HC»L NEED be ENTCRBO 
ON SENDING SCHEDULE • 













































































































































266 


REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 25. 

(a) To select suitable reinforcement for a beam requiring 7-42 sq. in. of steel. 
Width of beam ~ 10 in. : 

Maximum number of bars in a single layer ^ ^ = 4. 

From Table No. 25, four i^-in. bars = 7 07 sq. in. which is insufficient; hence most 
suitable number of bars may be six ; that is, 4 in bottom layer and 2 in second layer : 
Six ij-in. bars = 7*36 sq. in. which should be satisfactory. 

If the area must equal or exceed 7-42 sq. in., use 
Three li-in. bars in bottom layer == 5*30 sq. in. 

Three i-in. bars in top layer = 2-36 „ 


(6) To select suitable reinforcement for a square column requiring 3 06 sq. in. 
Use four i-in. bars = 3*14 sq. in. 

or eight J-in. bars == 3*53 sq. in. 

The I-in. bars would be more economical, but size of column may necessitate 
eight bars. 

(c) To select suitable reinforcement for a 6-in. slab requiring 0 4 sq. in. of steel 
per foot width. 

With maximum spacing :—f-in. bars at 9-in. centres = 0*409 sq. in. 

With minimum size bar :—|-in. bars at 3-in. centres = 0*442 ,, 

Most economical and practicable would be an intermediate diameter and spacing, 
say, J-in. bars at 6-in. centres = 0*393 sq. in. 


NOTES. 
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0*077 

O-llO'- 


□ 


0*110 | 0 *IRB 


0 *I 5 B 


0*B0l 


0^51 


0 «fi> 0 l 


0*552 0*762 


REINra( 2 CEMErMT - AREAS Cm") ■>»«-=. N «26 


0*765 b*W 


1*571 


2 * 5 ^ 


5*14 


5 *q 5 4*<?7 


4-71 


5 * 6 o| 6 *^& 


|( 2>*26 7.^5 


• 7*07 6-^5 


0 *l 45 10*544 


m 


0*246 0*442 | 0*040 


0 - 4 <^l 


0*551 b* 6 M 0*420 1*326 1*604 


1*464 


l* 074 h *647 2*10 


0 * 4 i 4 lo* 7 So|j*l 6 t 1*657 2*25 


»*227 h *766 2*41 


0 * 4 B 4 |o*d 56 1*504 1*676 2*56 


2*71 


0 * 455 |l *467 2 *tO 2*66 


k )*420 h *525 


1*227 1*767 


11-554 2-21 


1*641 2*66 


2*15 3*04 


2*46 5*55 


2*76 6*46 


3*07 4*42 


3*37 4*66 


3*66 5*50 


13*44 6*74 


\mi 

IBI 

\mi 


4*50 6*14 


14 * 0016*65 


4 - 4 l 7*07 


16-22 17 * 5 ! 


4*42 11*45 


/ 0 * 2 C 112*42 


If*00 113*42 


l!* 7 B |l 4 * 4 f 


f 2 *S 7 


15*55 1 / 6*40 


i SBlE 
IBSB pSI I 

______ _ I 053 J 


3*75 | 5 * 65 | 6-54 111*45 114*42 I/B- 64 | 25*57 



_ 

ES EB339SBEB SESSIEEES 3EES]i 


PC 01 - WT. MITPIC 
SiZft 


0*524 


0*471 


0*107 |o*f 67 |o*Z 4 f |o* 526 P* 42 d|o* 664 |o* 464 |l- 5 l 2 11 * 71-4 


1*205 1*571 




766 •!67 | 6*35 


46 * 26 ! 7*44 


0*047 0*064 | 0 *! 5 l lo*l 64 


0*767 1*051 h *546 


rif!iPfiwga wiqfm wi. ii B.! Hwa3ag^ _ 


0*644 I* loq 


1*047 


r»g*>^ r*y^*'Lrk'3 r»n ^-vi 

!SSm 3 mBSS SSS! SES 


EB53SBBHSBSSBB3BBWHBPIIBBR 


f'tf 5 -S 4 


r> 3 * 3*42 


iVe* 4*31 


0-442 0*601 0*7651 | 4 * 7 l 




6£E Al«0 
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REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLES OF USE OF TABLE No. 26. 

(а) To find the weight ot 13 ft. of i-in bar: By direct reading from the table, 
weight = 34*71 lb. 

(б) To find the weight of 5,673 ft. of J-in. bar ; — 5,673 x 0*667 == 3,800 lb. 

10,000 

(c) To find the number of tons of steel in 10,000 ft. of J-in. bar: --- 

= 6*7 tons. 

(d) To estimate the weight of reinforcement in a slab having J-in. bars at 6-in. 
centres transversely and jV-in. bars at 15-in. centres longitudinally (bottom steel 
only). 

A-in. at 6 in. = 12*02 lb. per sq. yd. 

^■;^-in. at 15 in. = i*88 „ 


13*90 

Add 10 per cent, for laps, hooks, etc. == 13*90 -f- 1*39 =« 15*29 lb. per sq. yd. 
Add per cent, for rolling margin ~ 0*38 ,, „ „ 


Total *= 15*67 „ „ „ 


NOTES. 

The amount of No. 14 or 16 gauge soft-iron binding wire required in the assembly 
of reinforcement is about 5 lb. per ton of bars. 



WTl FtR MCVARD - SAW AT VAttiOUS CtNTWS. I WT. WR fsiUMSER «r dlZCS 




RONTOCCCMENT - WOGHTS aas) .ftiiS tabuc opas. 


D.A. I ?fo* j Jit* I VkT I va* I Tfc? I Ht* I V V 1' r^* m* 1^' 


0«S«7 1*045 1*502 2*044 2-S70 3*57<^ 


S*04q 16*006 


15415 I 66S2| 5^75 |45S4 I 5565 I 2146 14^1 llORO I 654 I 6»65 S37 I 444 13*73 
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.3761 *666 1*044 1*504 I 2*04 12*67 |4*I7 l6*OI |6*l6 |lO*66|l5-52 


3*34 5*22 7*61 


4*01 16*26 14*01 


2*652 13*57 |4*6S 17*50 lO*5l 114*5| 


4*08 5*34 6*54 12*02 |l6*55 l2l*S6 |27*04 


*646 11*50312*544 [5*36414*54 16*01 |4* 54 15*62 il6*4o 134*05 


*440 ji*670 |2*6lO |3*76o|5*ll [6*66 |iO*45 |tS*02 


5*06 |6*OI 


10*10 


IS* <6 |l6*02 


20-20 




1*164 


•752 11*536 


□ 

□ 

B 


DOSlIBSIBSiasamBSIlES 


25*26 


35*54 


40*34 


46*44 154*07 


(•126 

HBSl 

3*152 

1*222 

2-171 

3-345 

1*516 

2*536 

3*664 

1*410 

2*505 

3-^lS 


SE^BSS 


60*54 172*10 


65*64 



6*542 


11*56 

6-766 

4*20 

l2*OZ 


5*15 


15*55 

(8*40 

24*04 

11*60 

15*12 

20-61 


85*65 


40*66 


2IS-12 


161 *60 |2l6*Z6 


2-26 14*01 |6*27 14*02 112*26 116*05 |2S*05 136*10 


64*06 

61*20 

57*67 

75-20 


121*21 

144*20 

104*06 

124-77 



1*56 2*76 14*54 6*26 16*44 111*04 17*52 24*45134*67 


1*45 I 2*56 U*05 [5*80 l7*65 ]to*5I ll6*oql25*n 


fSS 12^1 15*77 15*41 17*36 4*62 |l5*02 [21*65 


1*27 [2*26 |3*52 | 5*07 j 6*40 [ 4*02 |l4*06|?O*5l [27*70 [sO-IO 


85*64 144*52 





_ _lEBIEBBEnSEBSIKSIIEBSW _________ 
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1*40 12*47 14*27 5*74 7*54 111-66 jn-os I 25*26 
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1*64 l2*67|3*G4 |s*02|6*55 Il0*24ll4.74 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLES Nos. 27. 28, and 29. 

(See also page facing Table No. 28.) 

(a) To design a rectangular beam section to take a bending moment of 500,000 in.-lb. with 
maximum stresses of 17,000 and 700 lb. per sq. in.: 

(i) From Table No. 27 : 0 = 116*7; hence bd* = ~ 4,280. 

For a section with a total depth of 2i in. and 12 in. wide, 
bd* ~ 12 X 19*5* == 4,560. 

— 24*3 ; from the table, a^ = 0*87. 


700 


Hence j. = 


500,000 


--—_ = 1.73 sq. in. 

0-87 X 19*5 X 17.000 

three J-in. bars (Table No. 25). 

(ii) Alternative method if stresses are 16,000 and 600 (or any other pairs of stresses 
tabulated on Tables Nos. 28 and 29): Assume effective depth = 20 in., for which, 
from Table No. 28. M. of R. of beam i in. wide without compression steel 
— 38,100 in.-lb. 

, 500.000 . ... 

5 -- 13.1 in., say, 14 in. wide. 

38,100 » J T 

At ^ 13*1 X 0*135 = x* 78 sq. in. == three J-in. bars. 

Total depth of beam = 20 -f 1*5 = 21*5 in., say. 22 in. 

Therefore a section 22 in. by 14 in. with three {-in. bars is satisfactory ; this would have to be 
checked for shear. 

(6) To find the maximum stresses in a rectangular section 15 in. overall depth (effective 
depth « I3{ in.) and 9 in. wide, reinforced in tension with two i-in. bars, and subject to a 
B.M. of 200,000 in.-lb. At — i*57 (Table No. 25). 




1*57 X 100 


= 1*29. 


9 X 13*5 

From Table No. 27 : <*1 = 0*85 and r = 18, 
200,000 




0*85 X 13*5 X 1*57 
11,100 


11,100 lb. per sq. in. 


18 


= 617 lb. per sq. in. 


(c) To find the resistance moment of the section specified in (h) if .stres.so.s are not to exceed 
either 18,000 lb. or 700 lb. per sq. in. 

p (as above) = 1*29, a^ = 0*85, == 0*46. 

R.M. (steel) == 1*57 X 18,000 X 0*85 X 13*5 = 324,000 in.-lb. 

R.M. (concrete) = 9 X 0*46 X X 0*85 x 13-5* = 224,000 in.-lb. 

Hence the compressive stress controls, and maximum R.M. ~ 224,000 in.-lb. 

(d) To find the maximum stresses in a rectangular section 15 in. overall depth (d — 13*5 in.) 
and 9 in. wide which is reinforced in tension with two i-in. bars (At == i*57 sq. in.), and 
subject to a B.M. of 200,000 in.-lb.; m = 17*8. 

^ 1*57 X 100 

P =« -- 1-29. 

9 X 13*5 


From Table No. 27 : ^ 


2 X 17*8 X 1*29 17*8 X 1*29 


100 


= 0*488 


a, = I - 


0*488 


0*837 


=’"fe - 0 “ - 0 ” 


0-837 X 13 5 X 1-57 

11,300 „ 

— g - « 440 lb. per sq. m. 


11,300 lb. per sq. in. 
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RCCTANGULAC BEAM rACTOCB 


VALUCS OF Q « ‘Sn, o,c 


MAXIMUM STeei. STffESS « 


TABLE N 927 


RATIO 


LEVER 

OF 

AXIS 

ARM 


fu:ix>a 

PACTaR 

SB 



5 

•75 

•75 

10 

.GO 

•60 

12 

•5G 

•82 

14 

•52 

•85 

15 

.50 

• 85 

\(c 

-4q 

•64 

n 

•41 

•84 

16 

• 4 g 

• 85 

iq 

•44 

•85 

20 

•43 

•8g 

21 

•42 

•do 

22 

4f 

•67 

25 

• 4 o 

•87 

24 

• 3q 

•87 

25 

•56 

•88 


•5G 

•88 

28 

•35 

•88 

2 q 

•34 

•aq 

30 

•35 

• 84 

52 

•32 

• aq 

55 

•50 

•qo 

40 

1 

•21 

•qi 

IBS 

•25 

•qz 

50 

•25 

.q2 



®^^|i2.oco 1 

14.000 

15.000 

IG.OOO 

17,000 

18000 

20.000 

22400 

500 

85-q 

77*1 

74*1 

71-3 

68*7 


G2*0 

57-5 

550 

qG-7 

8q-4 

86*4 

82 * q 

80*1 

77*5 

72*5 

G7*3 

GOO 

no*3 

102*1 

‘18-4 

qs-o 

qi-8 

88 

83*5 

78 

G50 

i25^q 

115*2 

Ifl-S 

107*7 

t04*2 

100-8 

q4*q 

87-8 

7oo 

I3^•q 

128* G 

124-4 

120*4 

llG-7 

115 

IOG*G 

100 

750 

•52*5 

142*2 

137* G 

153-5 

i2q*2 

I2G 

n6*5 

Mf-5 

doo 

iGG*G 

I5G-3 

151*2 

l4G-q j 

142*1 

138*5 

151 *2 

125-S 

850 

ieo'6 

I10*5 

IG8 

(GO-S 1 

157 

132 

145-5 

158 

gpo 

iqo 

186 

179*5 

1 

174-5 

IG8 

IG5*5 

157 

150*5 

qso 

2tb5 

20O 

tq4 

186 

183 

nq 

170 

IG5 

1000 

22G ; 

214 

208-5 

205 

I<I6 

iq3 

(84 

175 


fWMUL^e 


Crott SiMPLt OENOtWO). 


(APPLlCAftLE ID SlNOtV REtNFO«CBO RECTAMDriJLl^R SECTIONS) 

J 6 

DEPTH OF NEUTRAL AXIS O. Cl •* -=r- ■* O 

' I +-^ 


OR Hi * 
LEVER ARM 


^Oimp)^ + •o2mp — *01 mp 

a,d =1- q - 


resistance moment of tensiom steel R.M. « At^o 

resistance moment of concrete R.M, » Q bd^ 

where Q ^ *501010 

t •» MAX. ALLOWABLE STRESS IN TENSION STEEL r c ^ 

c «a •• " MU CONCRETE ^ C 

m *» MODUUAR RATIO C'*’ASULATE0 VALUES ARC FOR Wl » I5) 
d = EFFECTIVE DEPTH Of SECTION; b » BREAOTH. At 

p as percentage OF TENSILE REINFORCEMENT * ”b<J~ 

Ay a area of tensile RtiNfORceMe.NT.__ 


NOTES ON THE USE OF TABLES Nos. 28, 29. and 31 FOR 
VARIOUS STRESSES. 

If given stresses are not tabulated but have any of the ratios given below, 

modify the appropriate resistance moments or steel areas thus : 

Stress Ratio 13^ (Slabs) — x values on Table 31 for 12,000/880 


19 

(Beams) — Aj x „ 

„ „ 29 „ 

18,000/950 

20 

(Beams) — x 

M .. 28 „ 

16,000/800 

24 

(Beams) — A, x 

29 0 

18,000/750 

24 

(Slabs) — ^2 X „ 

„ 31 

18,000/750 

265 

(Beams) — ki x ,, 

„ 28 „ 

16,000/600 

t. 

Given steel stress 

Given 

steel stress 


“ 16,000 

== 

18,000 


Given steel stress 
12,000 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLES Nos. 27. 28, and 29. 

(See also page facing Tabk No. 27 and Fig. 37.) 

(a) To find the amount of compressive and tensile reinforcement that should 
be provided in a 12-in. square section subject to a bending moment of 150,000 in.-lb. ; 
maximum stresses not to exceed 16,000 lb. and 600 lb. per sq. in.; 

From Table No. 27 : g « 95; d 10-5 in. 

R.M. of concrete « 95 x 12 x 10*5* = 126,500 in.-lb. 

Rjf »= 150,000 — 126,500 = 23,500 in.-lb. 

16,000 

26-7 ; from Table No. 27 : Uj = 0*88 ; tij « 0*36. 


r “ 


600 


Assume / = in. 

and m = 

15 - 

a$ 

= 10-5 - 1-5 = 

9 in. n 

= 0*36 X 10*5 « 3*78 in. 

fc 

3.78 _ 1.5 

“ 378 

14 X 600 

= 5,060 lb. per sq. in. 

Ac 

23,500 
5,060 X 9 

0*515 sq 

in., say, two f-in. bars. 



150,000 

(0-51:5 X 5,060) + (0-5 

X 12 x. 378 X 600) ^ 


150,000 


9*2 m. 


1-02 sq. in., say, two |-in. bars (Table No. 25). 




' 9*2 X 16,000 

Section in example (a) subject to a moment of 200,000 in.-lb.: 
= 200,000 — 126,500 *= 73»5oo in.-lb. 

. 73*500 

^ ^ ^ i. 5 i 

^ 5,060 X 9 ^ 

Approximate Or - 
200,000 


Aj — 

Since At 


m. 

9«i in. 

1-37 sq- in. 


16,000 X 9^1 
is greater ^»n Ar^ the “ sted-beam tbeoiy 
. ^ 200,000 

- = 1-39 sq. m., 


is applkaMe, and 


16.000 

say, two i-in. bars top mod bottom. 

(r) To select the shallowest rectangular section lo in. wide to resist a B.M. of 
500.000 in.-lb. with normal stresses of 16.000 and 600, but if Ap ^ A, maximum 
concrete stress may be 800 lb. per sq- in. (that is. steel-beam theory not allowed). 

500,000 

R.M. per inch widih ==- — 50,000 in,-lb, 

^ 10 

With Ac— Ar and stresses 16,000 and 800, from Table No. 28, effective 
depth = 13 in, (R.M, = 52,000) ; total depth, say, 14 in. Ac ^ Af 
= 10 X 0*290 « 2*90 sq. in., say, three i^in. bars. 

(d) To select a rectangular section to take 400,000 in.-lb. without compression 
steel, with maximum stresses i8,ooo and 675 lb. per sq. in. 

Stress ratio — 26 7 ; therefOTe use the tabulated values g^ven on Table 
No. 28 for 16.000 and 600; 

28,000 

^ *= --- 1*125. 


400,000 

I’I25 


16,000 

Therefore select a section bom Table No. 28 to give a R.M. 

355*000 in.-lb. 

Wth effective depth 

XT _ T 355*000 

Ar === 11*5 X 0*121 « 1*4 aq. in. 

Tbee d fope a suital^ section vrould be 12 to. wide, 20 in. overall depth with three 
l-jn. bars in bottom. 


: 28 in., RJM. per inch 
11-5 in. 


30,800 in.-lb. 
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RESISTANCE MOMENTS - PECTg 5EAMS. 


MAXIMUM &TRe6» IN ICNaiON STREI. l&,000 (.6S. PCH S«. IN. 


TA6LEN"2a. 



MA>C« C C>OQ LftS. PEQ vN 




R,M. 

At. I 

fl.S40 

IBH 

11,500 

•074 

13,700 

•051 

16,100 

• 085 

16,700 

•045 

21,400 

•lOI 

24.400 

• f06 

27.500 

• 115 

30,800 

• 121 

54.600 

•126 

36.100 

• 155 

42,000 

• 142 

46,000 

•146 

50,000 

•156 

56.000 

• 162 

54.500 

• 164 

64.000 

• 175 

64.000 

• 182 

74,500 

• m*? 

80,000 

• 146 

85.500 

• 205 

42.000 

•204 

48,000 

.216 

104.000 

•222 

110,000 

•224 

117,000 

•256 

125,000 

•245 


15,000 

• lOO 

16.500 

• tl6 

21.500 

* 128 

25.500 

• 140 

30, OOO 

• ISO 

56,000 

• I6S 

40,000 

• 175 

45.000 

• 165 

50,000 

• 146 

55.000 

•210 

61.000 

• 221 

61.000 

•255 

76,000 

•246 

64.000 

•256 

<12.500 

•270 

162.000 

•260 

110,000 

• 240 

120,000 

• 500 

150,000 

• 510 

156,000 

•525 

146.000 

• 540 

156,000 

•550 

166.000 

•365 

174,000 

•375 

164,000 

•540 

200.000 

•400 

2 (6.000 

•4i7 


1 14.700 

•107 1 

1 17.600 

• in 1 

21,100 

• 128 1 

24. 800 

• 154 1 

28. 700 

• 150 1 

55 . ooo 

• 160 1 

1 57,600 

• ni 1 

42.400 

• 182 1 

47,506 

• rt2 1 

55.000 

• 205 1 

56.600 

• 214 1 

65,000 

• 225 1 

71,000 

•255 1 

77.500 

•246 1 

fl 86.000 

•257 1 

42, OOO 

•267 1 

44,000 

• 278 1 

107,000 

•268 II 

IIS.OOO 

• 500 1 

124. ooo 

BBII 

152.000 

- 520 

liHESI 

' 551 

II 150.000 1 

•342 

I>I9[E99 

• 352 

U 170.000 

I 

• 365 

1 180,000 

•574 

1 140, ooo 

•585 


R.M. 


25.000 


B6«ooc 


4S.OOO 


52,000 


00.000 


70.000 


50.000 


^o. ooo 


too.ooo 


110.000 


122.000 


154.000 


146.000 


102.000 


140.000 


215,000 


255.000 


256.000 


275,000 


245,000 


520,000 


545,000 


30>4,000 


585. OOO 


415.000 


440.000 


R,M, » ReSiSTANCe MOMENT in INCH LBS. PER ONE INCH WIDTH OP SECTION. 
At • Area of tensile ReiNFoRccMENT in ins? per one inch width. 

Ac * Area of compressive ReiNf=ORCEMENT in ins? values of r. Ms. 


with Ac « At are approximate only, as exact values oepeno 
UPON Size And arrangement of bars.) 

m « 15 

FOR notes on the use OF THIS TABLE FOR OTHER STRESSES SEE TABLE NR 27. 
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NOTES. 

(For e.\amplcs of use of this Table, see pages facing Tables Nos. 27 and 28.) 
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RCSISTAHCE. MOMENTS - RECT^ 5EAMS . tasle N?29. 


maximum STRftSfe iM tension steeu * 18.000 L.fc. sa..iH. 


Effectivs 

C 

“ 750 

DEPTH 

o 

u 

V 

< 

INS. 

e-M* 

At. 

10 

12,^00 

0*080 

II 

ijEEEBm 

0*088 

12 

ISESII 

0*05G 

15 

21.500 

0*104 

14 

24,700 

0*112 

15 

28.450 

0*120 

\Q> 

52. 500 

0*I2Q 

17 



*6 

4o. 600 

QQJj 

19 

45.500 

BS9I 

20 

50,400 

O.IGO 

21 

SS. GOO 

0*(Gd 

22 

Gl.QOO 


25 



24 

72.500 

0*192 

25 

78. ftoo 

BBBBI 

2& 

85. zoo 

0-208 

27 

91.800 

0'2IG 

26 

98,600 

0*224 

29 

lOG.ooo 

0*232 

50 

115.400 

0-240 

51 

121.100 

0-246 

32 

II^SBS9BS9 

55 

157. 200 

lO*2G4 I 



55 

154.500 

O-ao 

3^ 

IG5.000 

0-288 



R M- 


At. 


0 - 14 ^ 


b*l5fe I 21.700 



OS, OOO 0*241 I 51.700 


73.000 0*250 


d2. OOO 0*270 


eo.ooo b«264 I 71,000 


0*2^1 79.000 




142.000 0*555 I 111.900 


121.000 


150. 500 


150.700 


165.500 


205. OOO 

0-42& 

217. OOO 

0-440 

1 IBSSES&IBESS 

I 24G.OOO 

0*469 

1 

-277. OOO 

0-4‘37 

295. OOO 

0*5M 



0*278 


0*290 


0-515 


0*525 




45.000 

0-275 

55. OOO 

O -505 

65.000 

0*530 

75. OOO 

0-8S6 

65.000 

0*385 

98.000 

0-418 

II 1.000 

0-440 

126,000 

0-468 

141.000 

0-455 


0-525 

j 174,000 

O-SSO 

j 192,000 

0-578 

j 210.000 

0-6O5 

1 250,000 

0*035 

IISEE59EESI 


1 295. OCO 

0-715 

||[^9S9BBS 

IK^SEE9BB9 

1 364.000 

0*796 

1 591.000 

0-828 


j 445.000 

0-86O 

1 475.000 

0-9o8 

502.000 

0-555 

555.000 

0-965 


{2.M. *1 ReSl&TANCE moment IN iNCV4-l.e. ONE INCM ^WiOTH OF SECTION. 

At « AEEi^ OF tensile 1?EI NFOeC EM ENT IN IN.^ PSE ONE INCH WlOTN. 

« AREiL OF COMPRESSIVE REINFORCEMENT IN IN? (VALUES OF 

R.MS WiTN Ac* At are AFFftOXiMATE ONLY, AS EXACT VALUES OEPEHO 
m « l6 I^Po'n SIXE ANO ARRANOEMENT of &ARS.) 

FDR NOTES ON USE OF THIS TASLE FDR OTNEE STRESSES SEE "lASLE -^ 
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REINFORCED CONCRETE DESIGNERS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 30. 

To design a slab to take a bending moment of 2,000 ft.-lb, with stresses not exceed¬ 
ing 16,000 lb. per sq. in. on steel and 700 lb. per sq. in. on concrete. 

(a) Maximum concrete and steel stresses: 

Effective depth required ~ 0 0912 V2, 000 = 4*07 in. 

Total slab thickness = 5 in. 

Area of steel required = 0*0095V2,000 = 0*420 sq. in. 

(b) Specified total slab thickness = 6 in. ; effective depth — 5*25 ini 




525 


o-ii8. 


V 2,000 

With i ~ 16,000, corresponding value of Aj ~ 0*007. 

Area of steel required — 0 007 V2,000 — 0*312 sq. in. 

(c) Specified total slab thickness = 4J in. ; effective depth — 3*75 in. 


3*75 

= —rr:=:r = OO84. 

V 2,000 

With c ™ 700, corresponding value of = 0*014 approx. 
Area of steel required = 0*014^2,000 == 0*625 sq. in. 


NOTES. 

Table No. 30 is based on m = 15. 

EXAMPLE OF USE OF TABLE No. 31. 


To design a slab to take a bending moment of 2,000 ft.*-lb. (= 24,000 in.-lb.) 
per foot width. Maximum stresses : t -- 18,000, and c — 750 lb. per sq. in. 

Resistance moment of a 5-in. slab with these stresses — 27,360 in.-lb. 
Area of steel required for this resistance moment = 0*408 sq. in. per foot 
width. 


For B.M. = 24,000 in.-lb., area of steel = 


0*408 X 24,000 
27,360 


per ft. 

This is given by J-in. bars at bj-in. centres in a 5-in. slab. 


~ 0*36 sq. in. 
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5LAB DESIGN FACTORS 


TABLE N^50 


17,000 


16.000 H 20.000 I 22.400 



ISO HOOS5 


250 *0057 


SCO D*00C>7 


5SO H-0017 


400 U*0087 


450 ||•0046 


•516 -OOTiS *550 -0021 *344 hOOfO *555 -OOn h 5 C 4 


•0057 *245 *0051 *2^ *0026 |•2fi»5 il•00^6l•27^ ll-OOt? l•285 


•0046 -202 -OOSe -212 -OOSS 


•0027 *251 



•0054|-n5 -0045 *161 ‘0041 *165 *0058 -164 *0055 *1^0 •0O28l'2O5 


•0062 *151 II *00521 *15^ II *0047 1* 162 B *0044 j-165 |1*0058|*I72 11*0052|-I7^ 


•0070 *156 *0058 *142 *0055 *145 


•0078 *124 *0065 


•146 •0042-155 


•0047 *15^ 


SCO -OIOS hioq •0065 •M4 *0071 *118 -0065 •121 •0060 -125 *0052 ^127 


575 U*01IO 


•0089 '1047 ^0074 •114 -0066 •116 


*0054 -I?? 


•0057 •118 


550 *102 *0043 HOSOn-0077 •l0q6U‘^^'^‘ * ^•0066 


575 II-OIIO |•O98l|•00^6|•lO22H•OOeo|•^06l H *0074 I •‘07ql|-0068 | •loqiH- 0040 ! • 115 


•0050 *117 


•0077 1-1045 


-0061 *110 


•4105 hoqoo *0066 


•0952 -oooq 


625 II •0127 


650 R -0151 


675 H •0155 


700 fl -OW 


•0115 -0682 


725 0-OI45 •085n-0117 -0659 


750# *01471’OSl 11-0120 | •085611 *0101 


•007^1 -ion •0075 *1027 -0065 MOO, 


•0082 * 0980 .0016 


*00661 M05 


•OOqz I *0957II *0085 | -0952II ^00781 •09671! *0068 


•0081 -0941 ^0070 -09681 


•0901 -0085 -0915 -0072 


•0095 •oBiq *0086 -owall *0074 


•079 *0125 hOBiq *0105 -0645 *0095 -0857 *0086 -0870 -0077 


II *01551 *01811*0127 I-oeooll *0106 


•0159 -0760-0150 -018511 *0109 


850 y-0163 -074 8 *0155 


875 |•OIC,6|•075||•0l56|•O75ol|•0ll4|•O715il•OlO5 1-0785 


•0091 -0649 .0019 *0815 


•0789 *0103 -OSOOII-00951 *08111|-00831-0855 



•0794 -0065 


9oO 11*0170 


•0117 I-075711 *0106 I-076711 *0100 l-OnO 



•070 *0147 *072211 *0120 I •074211 *01 lO 


•0102 -0762 *0089 


•00761*0805 


950 y *0177 *06911 *0146 


975 y •0161 •0681*0149 


•0122 -0728 *0115 *0758 *0105 -0148 *0091 -0766 


•0115 I-072411 *0107 


*00951*6752 


lOOO y •0165 *067 y*0l52 *068 *0127 *070 *0116 *07! *0109 *072 *0095 *074 


NOTES:- M = bending moment »N FT. LBS. PER FOOT WIDTH. 

t « allowable tensile stress in lbs. per in? 
c » MAV. allowable compressive STRESS IN V.6S. PER IN? 


EFFECTIVE DEPTH » k.^/M INCHES. 

AREA OF TENSILE STEEL * CQ. IN. PER fT. WIOTH. 


iri-» IS 
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SLABS FOR UOUID-CONTAININO STRUCTURES table n?3ia 


CONC^BT 6 : NOMINAL MIX AS ON TABLE N?23. , S 

MINIMUM SLAB THICKNESS: D 4 * OK ^ (l* + PP MQtfID .) [--- 

MODULAK KATIO m » 12. ' ~T~1—-- 

MINIMUM COVEK « I INCH. D d 

NOTES MINIMUM PEACENTAGE OF AEINPOACEMBNT p • 0*5%. 

C « MAX.CONCKBTE COM^KEMIVE S7KES1 IN EENDINO. ^ s P Lp/ 

C^« MAX.COHCKBTE TENSILE STKESS. ^ 

t » MAX. TENSILE STMJS IN KBINFOKCtMEHT. 


KESiSTANCE TO CAACMNO DBTEKMINES THICKNESS (D) 

Cj :}• 260LB/IN? K.M.= Q^bfr* 

-(t-n,)n, + 0.11 (4 -n,)*] 


I +o*iip 

DESIGN FOK STKENGTH (neglect tension in concketb) 
DETEAMINES AEINFOACEMENT (A-) I" 'b ™ ' 

i > 12.000 LB/IN? fc > 880 Le/lN?l » A®*-! 

. B.M. M-='74bd*J 


TABLE A-VALUES OF Qy 
p (pekcemt) 0*30 0*60 1*00 

d 

p-= 0-75 Qy^^S-Z 44-8 46‘« 

0*80 43*6 45*9 46*9 

0‘86 44*4 47-1 51*2 

0»90 45*2 46*5 55-5 


TABLE B - ECONOMICAL DESIGN 
Ct - 250L!/lN®0N UNCKACNED SECTION. 
i - 12,000LB/iN* ON CAACKEO SECTION. 


T io. 2 ood . .r". ..r '" --- 

EXAMPLE. ^ A.M. p. IDOAf PAACTICAL AANQE C 

TOOESIQN SLAB F0A3M.- 24.000 IN.LB./FT. pT .ObD^^ Vo APPLICABILITY 
fkomtableB,^ ■ O*B0am»aox; 0^»45V3 ^ 

TMMKIM D. nr3oo~ p-o-seo^; 0-76 44|bD®^ 0-6B5 upTo*<wiooiH.L«.wfT.ii 

Vi 5 T 4 gTi 7 7 slab. 0-80 4Sf •• O-SeO i«iOOO 1040,000 DITTO 

WITH WSAKS S* I'COVEK, d * 5 * 75 " 0*85 *• 0‘55B £5,000 7072.000 DITTO 

A.y^PPM»)s * 0«44 SiN.^ 0*90 47 I ** 0'5I9 OVEK 50.0Q0 DITTO 

OK MOKE ACCUKATILY - ? 0^0 X f- ' /B “ O • 4 O 8 IN.^ SAY Vl SAKS AT 6 * CBNTKBS . 


IF D LESS THAN 9 IKS . DESIGN AS FOA CASE I. 

IF D »0R>9INS. DESIGN FOR STAENGTH ONLY; C > 880LB./lN? t > 12,000 LB/iN? 

<1 -j ^ D « d + 1 ' (rtlH.) + HALF BAA PIA. Ay" 

74° see table N® si FOA A.M. AND Ay FOA TUB CONOITICN. 

DESIGN FOKSTAENGTH (NEGLECT CONCRETE) DETEAMINES REINFORCEMENT, t 12000 LB/iN? 
DIRECT TENSION a T (l^Fl) A.^ -f: IN® PEA FT. 

RESISTANCE TO CRACKING DETERMINES THICKNESS. >• 176 LB./lN® ^4 2 ^ 5 -“ ^'S^^T 


ASCASEirSUTVITH TENSION WITH D c 9" ADOPT CASE H 


^*-»w|A5CASEir SUT WITH TENSION 
CASCY|oN FACE REMOTE FROM LIl^UID. 



> 175 LB./ 1 H® t • 12.000 LB./lN® 

ASSUME D AND 

FIHO p= T r,+_t.-1 

240 bDL D{d ')J 

SUBSTITUTE IN U 2./ 

1 


ADJUST 0 
UNTIL FORMULA 


T" Cl >260 LB./IN? t > I2POO LB./IN* ASSUME D AND ^ (fROM TABLE B) 

I FIND p » .Jlt x (i-F and n,« ^:§ tQ . J J P J 5' 

I p y ' I +o.up 

L SUBSTITUTE IN 

ifU_4. eilrni)--— _ 











5L/\B5. 


RES\ST/!kNCe MOM!Lf>CT5 
AND RCiNfbRCtMENT. 


STieessss o« I I 

srwiL ^Ho cowc<rrf I t ® 16.000 c * 7S0 I t»16,000 C = 750 


fusno 


TtlTAL 

TMICKNISS 

OF 






STRCftS 

% 


ies»- 


no « IS 


r. ^: 4 Coro.) 

UOMOON OY.' LiWWS. 


R.M.«l5l2d^ At— 096d 


m = 17* 6 
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me>LE. IN? 2)1. 


nrt sElt 








7650 

0‘22 

11,460 

0*26 

16.050 

0*31 

21.520 

0*36 

27.560 

0*41 

34.200 

0*46 

41.750 

0-60 

50.100 

0*55 

59.100 

0-60 

6<^.000 

0-65 

76.400 

0*68 

67.400 

0*73 

99.250 

0*78 

111,900 

0*83 

122.500 

0-66 

I3G.500 

0*91 

151.200 

0*96 

166.700 

1*01 

163 000 

1-06 

296.500 

1-54 

412,000 

l-SS 

699,000 

2-06 

24 


S.ioo 
12.460 
17.420 
23,120 
29.750 
i7. ISO 
45,400 



NOf Ut« 

tm,.m 

4" THltK. 



0*62 
0*67 
0*72 
0*76 

o*ai 7*o«| icH.ooo 

0*67 7’50 ll7,Soo 

121.500 0*92 S'©# 133,800 1*65 

153.200 O *96 d'SO ISI,000 I'JS 

146.500 1*02 9*0 165,000 1*85 

164.400 I ‘07 5*5 ISd.5oo 1*96 

161.200 1*12 10*0 £0g,f00 2o6 

199.000 1*16 10-31 222 000 2*13 


Z-81 

16.500 

0*58 

3-31 

22,900 

0*67 

3-8/ 

30,300 

0*73 

4^31 

38,800 

0-09 

4SI 

•48,400 

0*99 

591 

58,800 

109 


70,700 
81, Soo 
31, zoo 


522.250 1*50 I 13’^ 3jl,0OO 2*75’ 

447.500 1*76 16-13 544,000 3-32 

760.000 2*30 I Ij 0/5,000 4*-69 

24 I 13% 


*?. Ms. COMRlNATtOM^ OF STRCSStS HAVlViQ -W«SC AiCtiL Fl»> RATA Tot 


R. M. « T/^aoi-A.Teo op RssiftTANce rv\OMeKT& arr ih \MCH~i.6. 

»»««. rOOT WtWTM OF SUA.&. 

Ay ~ ARCA OF TlSlS&lLe RCiriFORCEMeMT IN SQ. W. PfW FOOT WiOTH OF SLAfe. 
THIS TAfeLt AFFLieS FOR SLA OS RRiHFORCRO IN TRNSlOM OWLV. 

IF ACTUAL COMSlMATlON OF COVBIS A*40 SAQ StAMCTeR OiVflS ftFFecTl>/ie 0«PTK 
GOn-ntARY TO Above. ^ ft. M AM^ Aj OR WAU thicrkcss should be aojostbo. 
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REINFORCED CONCRETE DESIGNEaiS' HANDBOOK 


EXAMPLES OF USE OF TABLE No. 32. 


(a) To find the moment of resistance in compression and the corresponding 
amount of tensile reinforcement for a tee beam, the rib of which is 10 in. wide and 
extends 16 in. below the soffit of a 6-in slab. Span of beam =* 18 ft. and distance 
between adjacent beams = 8 ft. Maximum stresses not to exceed 17,000 and 700 lb. 
per sq. in. 

Effective breadth : 

(i) Available slab » 96 in. 


(2) 


Span 

— =72 in. 


(3) I 2 dg -h 6 = (12 X 6) -f 10 =» 82 in. 

Hence maximum h, = 72 in.; effective depth, say, 20*5 in. 


( i7,ooo\ 

^ ~ " ^00" / “ ^ ^ 

and neutral axis falls below slab, 
a, « 20-5 ~ 3 == 17*5 in. 

R.M. in compression 


700 X 72 X 17-5 
2x8 


X 6 


(2x8—6) 


3,300,000 in.-lb. 


Af 


3,300,000 
17,000 X 17*5 


ii*io sq. in. 


(6) To find the moment of resistance in compression and the corresponding 
amount of tensile reinforcement for an ell beam, the rib of which is 6 in. wide and 
extends 10 in. below a 7-in, slab. Span of beam =* 14 ft. and available slab width 
exceeds 3 ft. Maximum stresses : 16,000 and 600 lb. per sq. in. 

Effective breadth : (i) Available slab =36 in. minimum. 


( 2 ) 


Span 


56 in. 


(3) 4^- 4 * 6 « 4 X 7 -f 6 = 34 
Hence 6, *= 34 in. ; effective depth, say, 15-5 in. 


From Table No. 27, 



i6,ooo\ 
600 / 


0 36 X 15*5 


5-6 in.. 


thus the neutral axis falls within the slab. 

5*6 . 

«i = 15-5 Y = ^ 3*6 in. 

R.M. in compression « 0-5 x 34 x 5*6 x 13*6 x 600 
« 770,000 ih.-lb. 

^ 770,000 

At ^ 2 = 3*54 sq. m. 

^ 16,000 X 13*6 ^ 

{c) To find the minimum distance from the supports of an end-span beam, loaded 
with uniformly distributed load, that t^vo bars can be bent up to assist in shear resist¬ 
ance ; the total number of equal diameter bars in the bottom at mid-span is six ; 
span of beam =* 20 ft. 

For ^cond bar of six, A, « 0*30 and = o»i8. Hence distance from 
inner support = 0*30 x 20 = 6 ft. and distance from outer support = 0*18 
X 20 == 3 ft. 7 in. 
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BtAM DATA 


gCCTANGUlAtt fcEAMS . 


TABLE N532. 


^*<?opoRTio»MS Min. d * f x span, (per L.c.c. jgis) 

Tl6N«UC STRcift : — t2.000 1-4; OOO IS.OOO Ife.OOO 16,000 

VALUE OF f *0^75 *044 *047 *05 •0^Q> 

O - b 70 ISb (^ee chapter s) 


U—b—J 


rLAN<5ED SEAMS o - -h ^ ^^- 

MAX. VALUE OF bs ~ LEAST OF FOLLOWING t- 

(l)OtSTANCe eCTWEEN CENTRES OF ADJACENT 6 EAMS.- 

C2)ONE-THlRO SPAN OF ©EAM ^ONR •IKT'H FoR ELL SEANi^ J 

(3) ■me 6EAM : I2 -I- b 

Ell ream : 4d^ 4-b “■ 

lever arm : 

NEUTRAL AXIS RELOW 5LA6 : Q^ aa d — • 5 d 5 ^APPAOv.^ 

neutral Axis within slar : O 2 ~ ^ ^ - 

RESISTANCE moment (COMPRESSION) b d d 

NEUTRAL AXIS BELOW SLA 6 1 g. M > « ■J*?.L->(20 

2n ^ ^ _ 

NEUTRAL AXIS WlTHiN SLAB t Q. M. » • O C . 



U-iU 



SECTIONS AT WHICH 6OTTOM e>AgS CAN 6E STOPPED (oR BENT Up). 

UNIFORMLV OlSTPlBuTCO LOAD . 

MAX. DISTANCE FROM SUPPORT TO P = k L WHERE P = POiNT OF STOPPING 
OR BCNOING UP. IF BAR IS NOT BENT UP, SUFFICIENT ANCHORAGE LENGTH 

^ MUST Be PROVIDED ON SUPPORT SIDE OF P; ANCHORAGE LENGTH WILL 

ydu^ DePe^io on rate of change of 6.M 






ORDER OF STOPPING OFF OR BENDING UP BARS 



10QIB3B9B9ISI 
lEUSBOflarae! 


ISE9Slfl9BilOII0BEIB9BSIEBEIIBIE3B3ffiffiES 

KIBSTOBSSB5lffi!IE3BBBniEBSIElEE3B3BBE 


iBWBipf BSBW^BIffllE3B9HBII!HBBB||fl3E3BIB3B3B3 
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REINFORCED CONCRETE DESIGNERS’ HANDBOOK 


EXAMPLES OF USE OF TABLE No. 33. 


(a) To design the shear reinforcement for the specified sections to take a shear 
force of 30,000 lb. Allowable stresses : bent-up birs and binders : 18,000 lb. per 
sq. in.; maximum unit effective shear stress on concrete 75 lb. per sq. in. Lever arm 
of all sections =* 0-87 x effective depth. 

(i) Effective depth = 40 in.; breadth *= 15 in. 


5 


30,000 

0 87 X 40 X 15 


== 57‘4 lb. per sq. in. 


Therefore no shear reinforcement is required, 

(ii) Effective depth = 30 in.; breadth = 12 in. 


s 


30,000 

0*87 X 30 X 12 


96 lb. per sq. in. 


If shear is taken on bent-up bars alone (arranged so as to give double system), 
shear value required is given by one ij-in. bar bent up at 45 deg. 

(iii) Effective depth = 20 in.; breadth = 10 in. 


s 


30,000 

0-87 X 20 X 10 


= 173 lb. per sq. in. 


Therefore the whole shear would be taken on reinforcement. 
Nominal binding, say, i6-in. centres {V == 173) takes 173 x 0*87 x 20 

= 3,010 lb., leaving 26,990 lb. to be taken on bent-up bars. If i-in. bars are available 
for bending up; the resistance required is given by two i-in hars at 30 deg. (double 
system). 


(6) To calculate the resistance to shear of the section specified in (ii) if reinforced 
with one J-in. bar bent-up at 30 deg. (in single system) and j-in. double binders at 
12-in. centres : maximum stress of 16,000 lb. per sq. in. on bent-up bars, and 14,000 lb. 
per sq. in. on binders. 

Value of one f-in. bar bent-up at 30 deg. in single system 


at 16,000 lb. per sq. in. = 


3,900 X 16,000 
18,000 


= 3.470 lb. 


j-in. double binders at 12-in. centres at 14,000 lb. per sq. in. 


take 2 X 0 87 X 30 X 330 x 


14,000 

18,000 


= 13400 . 


Total = 16,870 ,, 

The shear resistance of the concrete alone 

= 75 X 0-87 X 30 X 12 = 23,700 lb. 

Hence the 6hear resistance of the given section is controlled by the concrete 
and is 23,700 lb. 
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5HEAR DEINFOCCEM&NT 


TAbLE N? 33. 



lO, |436 331 248 22l 198 ICC 142 132 {24 


•/V 





^^5 u&. 


I7C>4 - 


277 2 • 


1980 1320 990 88o 792 CCO 5C6 528 495 4-40 377 330 283 248 220 IC5 39CO • 

"JlG 2700 *300 *350 1200 1080 900 772 720 C75 COO 514 450 38C 338 300 225 5 4 00 • 

S5SO2350I7C5 I5C7 1412 1175 1008 940 883 784 C71 588 504 441 392 294 70C0 ■ 

MAyiMUM SPACINO OF CrtKOtRS *.- NORIsAiXl.t.V' p ^ Cl 

e»IMO&RS AQCUNO COMFeesSlON >. l^yl^lA OF &AR 

T>»'tto OtTTO (’S‘'e*L e»EAM THtORt') > ft 'Jt OlA. OF feAB 


RCSIST^XNCG OF tNCUNCD e>iVR.S. (LR.) 

SiNCLc svstcm: S * A.rtsinO doum-e sy&TtM : S « 2AT.tsiiO 9 


TAEULATtO VALUES ARE fOR. t » l6. OOO Lft./iNS* PO^STRESSES.) 


D(AM . 

0 = 

45“ 

© -= 

^ 50" 

SAfE 

SINCLE 

SVSTEM 

DOUELC 

system 

SlHCLfi 

system 

OOUELE 

SYSTEM 

/z’ 

2,500 

5,000 

1,750 

3,500 

BH 

3,900 

7800 

2,750 

5,550 

y4' 

5,<SOO 

11,200 

3,900 


re' 

7fi50 

I5,\300 

5,400 


r 

10,000 

20,000 

7,050 

(4,(00 

i/a* 

I2»<S50 

25,300 

8,950 

(7, 850 

l'/4.‘ 

15,€00 

3 (,200 

I f ,050 

22,050 

iVa' 

18,900 

3 7,800 

(3,350 

26,700 

isy 

22,500 

4-5,000 

15,900 

31,800 

MAy 

VALUt 

OF 0 

n 

’0-7lcl 

2*008 

hood 



See chapter roR notes and formula . 

SEE TAOLE NS hZ FOR ^POlHTS AT wHtCH TEHSlON EARS CAN EE EEHT UP. 
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EXAMPLES OF USE OF TABLE No. 34. 

To design the reinforcement for an i8-in. square beam, circular in plan, radius 12 ft., 
supported at equal intervals so that the angle subtended at the centre by each arc is 90 deg. 
The total load on a single span is 45,000 lb., uniformly distributed. 

From Table No. 7c ; (cASt i): 

Negative B.M. over the support = 0*137 X 45 »ooo X 12 X 12 = 890,000 in.-lb. 

Positive B.M. at mid-span =? approximately 50 per cent, of 890,000 in.-lb. 

== 450,000 in.-lb. 

Maximum shear at support = 0*5 x 45,000 = 22,500 lb. 

When B.M. is a maximum, twisting moment is zero ; at point of contraflexure (B.M, = o), 
twisting moment is a maximum and equal to 0 021 x 45,000 x 12 x 12 = 136,000 in.-lb. 

Point of contraflexure = t^at is approximately at the fifth-point of the span. 

Design of support section : With stresses of 16,000 and 600 and effective depth of approxi¬ 
mately 16 in., the resistance moment with Ac = At (but c > 600) — 18 x 50,000 = 900,000 
in.-lb. (from Table No. 28) which, is satisfactory. 

With actual effective depth of i6’5in., ,^i.(= Ac) — 75 000 x^ o^sT^ 16*5 ~ ^ 
say, four ij-in. bars top and bottom. 

These bars can be arranged by providing one ij-in. bar in each comer throughout the 
beam, bars from adjacent spans overlapping both in the top emd bottom at the supports to 
take the negative bending moment. 


Shear stress at support = 


22,500 

18 X 0*88 X 16 5 


= 86 lb. per sq. in., which necessitates the 


22 *>00 

whole shear being taken on the reinforcement, say binders ; V (required) = 1,553 ; 

from Table No. 33 this is given by f-in. bouble binders at 5-in. centres (at 18,000 lb. per sq. in.). 
Twisting moment at support section is zero. (CA 5 £ I) 

Design of midspan section : since the bending moment is approximately half that at the 
supports, half the support reinforcement is required, that is, two if-in. bars top and bottom are 
satisfactory. 

Shear and twisting moment at midspan are zero. 

Design of section at fifth-point of span: 


^ 0*5 — 0*2 t. 

Shear force = - — X 22,500 = 13,500 lb. 

Shear stress = 52 lb. per sq. in., which does not require reinforcement. 

Bending moment is theoretically zero, but the four bars provided at the support would be 
continued beyond this section, thus allowing for negative bending moments that may be pro¬ 
duced when adjacent spans only are subjected to live load ; a margin is also allowed for the 
longitudinal steel required to resist the twisting moment. 

Twisting moment = 136,000 in.-lb. (see above). With rectangular section with ^ = i*o 

and D = 18 in. (since B.M. being zero, whole section can be considered as uncracked), section 
coefficient varies from *297 to 0*391 depending on the percentage of reinforcement. Section 


coefficient required 
136,000 


_ T,M . 

R =: —and with j 
sD* 


75 lb. per sq. in. (for 1:2:4 mix. Table No. 23) 


~ o, — 0*31. Hence from Table No. 34, total percentage of torsional reinforcement 

75 xiS^ 

requir^ is i*b. This can be divided into two parts : 50 per cent as longitudinal bars in the 
comers of the section and 50 per cent, as binding. Assuming that, of the four bars provided 
at top and bottom, the four corner bars are available for torsional resistance, the percentage is 

= I-21, which is about double the amount required. The volume of binding per 

foot run required is X —- - - = 24*3 cu. in. The volume of one external i-in. binder 

^ 2 100 ^ 


0*11 X 4 X 16 = 7*05 cu. in. The spacing required = 

(See p. 169.) ■ 


12 X 7*05 

24*3 


3j-in. centres. 



TORSION . 


■T7V6LE N9 34. 





SECTION COEFFICIENT. ( - R) 


roruiL. PeRCfeHTA.&t of TO«S»ON eeiNFOCCEMCKT. 

PftOPOimCNS OF LON<StTUOtNA.U tAffSt AfiO &lHO&(tS) 


%7o I i7o i'/4% 1 \h% \yA% I 27 o I 2'/a% 


0-280 0*2^3 0*310 0*321 0*330 0*352 0’3€>8 





0*297 0-313 0*328 0*344 0*359 


*5 |0*6I2 0*644 0*077 0*708 0*740 0*772 0*805 


0*928 0*976 1*025 1*075 1*120 1*170 1*220 


1*595 1*675 1*76 1*64 1*^ 2*01 2*095 


2*44 2*57 2*70 2*82 2*95 3*08 3-21 


1*060 1*115 f*l70 1*225 1*280 |*335 1*395 


*65 1*74 1*625 1*91 2*00 2*085 2*17 


2*44 2*57 2*70 2*62 2*95 3*06 | 3*21 


0*980 1*031 1*085 1*135 1*185 




1 f 



1-065 1-155 1-165 



3-0 I-GIO 1-066 1-77 1-855 1-04 2-025 2-11 





0-980 1-031 1-065 I 1-135 l-ISS 1-240 1-290 


TV/lSTiN<S.MOMENT 


=1 le SD'* 

*. SeCTON COEFFICIENT AS TAEKJLATCO . 

= EQUIVALENT DIAMETER OF UNCRACKEO SECTION. 
=* SAFE SHEAR STRESS pWR TAfcl-B* 23>. 

C* O- lOc) 
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EXAMPLES OF USE OF TABLE No. 35. 

(a) To select the smallest column to carry 95 tons with minimum reinforcement and 
quality A concrete. 

A 14-in. column with 0*8 percent, and quality A 1^1:2 concrete will carry 97 
tons (see Table No. 35). Reinforcement required 

« 0*8 per cent. 

0*8 

« X 14* = 1*57 sq. in.; this is given by four j-in. bars. 

(b) To find the maximum safe load on an i8-in. by i2-in. column reinforced with 
six J-in. bars (= ^-6 sq. in.), i : ij : 3 mix ordinary quality concrete, height of column 
20 ft. continuing through several stories. 

As a short column, Cq = 680 lb. per sq. in. 

and the safe load == 68o[(i8 x 12) -f (15 — 1)3*6] = 181,000 lb. 

For specified conditions, assume effective length == o*8 x actual length. 

Hence ratio of effective length to least lateral dimension 

0-8 x 20 X 12 
=- = 16. 


Therefore reduction factor = 0*97 (Table No. 35). 


Safe load = 


0*97 X 181,000 


78-3 tons. 



COLUMNS . 


287 


SAFE LOAD (tons) 


TAbLE. N 9 3 S. 




10 30 42 57 36 53 72 34 47 04 44 01 63 

tl 30 51 09 40 04 67 4l 57 76 53 74 lOl 

43 08 93 03 88 120 

13 50 71 30 04 63 I 2 t 

14 53 62 til 74 104 141 

15 07 34 126 65 113 101 

t- 

I 10 70 107 145 ^7 (50 184 87 l 2 l 105 

g 18 37 135 164 123 171 233 110 153 206 

20 H 3 107 227 151 210 288 130 183 256 


5 | 2 f 132 

D 

a 22 )44 
«> 

t 24 172 

0 - 

27 218 305 414 

H 2B 234 328 445 

30 208 370 511 


33 325 455 0l& 
30 360 541 730 


SArt LCAO * 0 


EPpRCTive CGC^ L»rHCTM 
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EXAMPLES OF USE OF TABLE No. 36. 

(See also p. 290.) 

A rectangular section is 18 in. deep and 12 in. wide and is reinforced with two i>in bars 
in the top and three i-in bars in the bottom. The centres of the bars are in. from the 
top and bottom faces respectively. To find the stresses produced in the secnon under the 
conditions of direct thrust and moment given below, assuming a modular ratio of 15. 

For all cases B = 18 in., 6 = 12 in., d = 16-5 in.. — = 0*909. 


At =« 2*36 sq. in. ; Aa =* i *57 sq* 

(a) M = 200,000 in.-lb. N = 100,000 lb. 

200,000 . ^ ^ T^/ 

2 in., that is, < o-i 6 yD{ 


i 6*5 




3 in )* 

~ 12 X 18 = 216 sq. in. 


100,000 

14 X 3-93 = 55 sq. in. 

Z = ?-2LA?(9 — i6*5 4- 15)* -f (0*167 X 216 X 18) = 988 in.* 

lo 


200,000 


571 and 165 lb. per sq. in. 


55 -f 216 ^ 988 

( 5 ) M = 200,000 in.-lb. N ~ 50,000 lb. 

200 000 

4 in., that is, > o»i 6 yD{= 3 in.) and < o*5d(8*25 in.). 


50,000 

Ai, A^, and Z as for (a). 

50,000 200,000 

^mlA. ~ 


= 184 — 203 = — 19 lb. per sq. in. 


55 + 216 988 

This is less than one-sixth of the allowable maximum stress 


600 \ 


l^say and 

therefore maximum compression stress = 184 + 203 = 387 lb. per sq. in. 
{c) M = 300,000 in.-lb. N = 15,000 lb. 


300,000 
15,000 
20 — 9 
i 6*5 


20 in., that is, > o-$d(S‘2$ in.) and < i*5d(= 25 in.). 
+ I = 1*666. Assume *= 0*55. 


J = 0*55 X 12 X i6*5 X 0*5 == 55. 

From Tcdfle No. 36: G = 0*224. ^ = ii *5 approx. 
15,000 X 1*666 


412 lb. per sq. in. 


(0*224 X 12 X 16*5) + (ii*5 X 1*57 X 0*909) 
t - 41^(55 + 11-5 X 1 * 57 ) -* 15.000 

2*36 

Corresponding value of ^- = 0*49, compared with the assumed 


= 6,440 lb. per sq. in. 


I + 


6,440 


412 X 15 

value 0*55. Re-working with an intermediate, value of 0*51, 
/ = 12 X i6*5 X 0*5 X 0*51 =* 50*5. 


G = 0*5 X 0*51^1 — « 0;2I2. 


11 * 5 * 


H = ^(o-3* + 0 909 - 1) 

15,000 X 1*666 
c = - 


t 


(0*212 X 12 X 16*5) + (11*5 X 1*57 X 0*909) 
426(50*5 + 11*5 X 1 * 57 ) ~ 15,000 
2*36 


426 lb. per sq. in. 


Corresponding value of = 


r + 


6,020 


= 6,020 lb. per sq. in. 

~ 0*514 ; this is close enough to 


426 X 15 

second trial value. 

(d) M « 100,000 in.-lb. N = direct pull of 20,000 lb. 

100,000 ^ X JF • \ 

^ = - r r- rr r- = 5 in, or < o*5/id{=s 7*5 in.). 


20,000 
Tensile stress in A r 


20,000 (7*5 + 5)__ 

---— « 7^080 lb. per sq. in. 

20,000 (7*5 — 5) 

= - H - c » 2,120 lb. per sq. in. 


1*57 


15 


Tensile stress in A 



I BENDING & DIRECT FORCE . 


RCCTANSULAR SeCTK 3 NS. € - 

ommcr poece 
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TABLE NO 56 . 




TENStLE 5TR6SS IN At ST Hf.sf.d+e): TtNSILe ST«B5S IN *1 ^ 

At'’ ' Ac r I 


evaluate L * 


— I • Assume n, and pno G,h, ano J 


SuesTiruTB IN ^ » Nl, _ f - c(J-v A^H24_N 

bdfi-t-HA^Fi At 

CHECK Hi AS ABOVE __ 


calculate STl^essss C|Apio ti oue to m onlv and oetermine n « Oid roRTHescsTC 
l*5d leVALOATt Cj AS above; then C t* as Et ^2_ 
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EXAMPLES OF USE OF TABLE No. 36A. 

Consider a section in which D = 20 in., 6 = 12 in., At ^ Ac — three i-in. bars; 

100 X 4 71 

p „- « 2 0 per cent. 

^ 20 X 12 ^ 

20 — (2 X 2) 

With ij-in. cover, /j = -- = o*8. Thus Table No. 36A can be used 

directly for the determination of the maximum stresses in the following examples, in 
each of which the direct load is 120,000 lb. 

M 240.000 e 2 

(a) B.M. « 240,000 in.-lb. ; = Xr = — - = 2 in. ; ^ = o io. 

^ ^ N 120,000 ^ D 20 


This falls in Case I and from Table No. 36A, for = 01 and ~ 2 per cent., gi — I’l?- 




QiN 1-17 X 120,000 
bD 12 X 20 


== 585 lb. per sq. in. 


2N 2 X 120,000 

C.™..,, = ^ r.28-x-i2V20 - 585 = 350 lb. per sq. in. 

720,000 6 

(b) B.M. — 720,000 in.-lb.; e =- = 6 in. ; e. — — — 0 3 ; this falls in 

' ' ' * 120,000 ^ 20 ^ 

Case II; for = 0 3 and p ^ 2-0 per cent, from Table No. 36A, «o = o*8o. For 

/> = 2 per cent, and = o-8o, = 0153. 

720,000 

Concrete stress c «-= 980 lb. per sq. in. 

0*153 X 12 X 20* 


Steel stress : t = me 



in. (tension). 



1,840 lb. per sq. 


NOTES. 

(i) In borderline cases between Cases I and II, that is when in accordance 
with Case I is tensile, but of low value, and when it is imperative that all tension on the 
concrete should be ignored, the maximum compressive stress will be higher than that 
obtained by the solution of Case I, its approximate values being given by 

NQr 

= 0-96D’ 

(ii) Table No. 36A applies only when the cover ratio is 0*1 for both A t and A o (that 
is, fi = o*8o), but the table can be used if the following adjustment is made. If any 
cover ratio is greater than o*i, substitute for the actual value of Di the value 
(i*i — r)D. If r is less than o*i, the maximum concrete stress calculated from the 
table will be slightly in excess of the actual stress; therefore the table can be used to 
determine a stress which will not be exceeded. 
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BENDING MOMENT AND DIRECT THRUST. TABLCN? 


hfOTg. :-- 

A^PLIKS WMfeN Ac WiTM m t=^ I 5 , ANO f| * O‘d 0 . 


PRaCCHTPAC e«.lNFOieCE.MCNT ( ) 

^1 

0*5 1*0 1-5 ' 2*0 - 2*5 3 * 


IMA 


1-25 


1-34 


1-47 


1*58 




1-80 


•16 I 0 -^) 


•70 


• 4 o I -54 


1-44 

1-33 

1-24 

1-17 

l-IO 

0-99 

l-Si 

1*42 

1-32 

1-24 

1 *17 

l '05 

1*62 

l-SI 

1-40 

BHB 

1-24 

1-10 

1-72 

f-60 

1-48 

BQI 

1 - 2)0 

1-17 

Cl' 62 ) 

Cl- 69 ) 

1-57 

1-45 

l- 3 <b 

1-22 


^TVfcS&eS OKLY 


VAA.ueS tN 
bltACKRTS A I 
3>^<WL.W. TEH5»»Or>l I 

is oeveoDPEo). 

F»NC> VP^LUC OF Q| 

Fo(z Given vALues> 
OF €,ANO 1^ 
SUBSTITUTE. Q, IN 

^ <Pi N 



cAse IT 

COMPCeSSlVR 


•60 I -59 


FINO VALUE Op 
FOE GIVEN VEI.UCS 
OF e^AND p 

WiTM TViS VALUE 
OF rioAMOClVCN 
VALUE OF p 
FIKD Q'2 and 
SueVriTUTE IN 


no 

•20 • 100 


•30 I • 100 


•40 I • 102 



M62 -220 


•140 • 180 


MS2 • IG 4 


•130 • I 5 G 


•130 I • ISO 








•400 


•300 -380 


•252 -311 


• 19 ^ • 230 





u 
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EXAMPLES OF USE OF TABLE No. 37. 

(a) To convert 17 ft. 8,\ in. into metric units: 

17 ft. 8 in. «= 5‘385 metres. 
iV in. = 0 0079 

17 ft. 8j^ in. = 5-393 

(b) To convert 4*067 metres into English units : 

4067 

4*064 = 13 ft. 4 in. 

0 003 = t (At foot of table : J-in. = 3*18 mm.) 

13 ft. 4i in. 

(c) To express J-in. bars at 8-in. centres in metric units : 

J in. == 12*7 mm. 8 in. == 0 203 m. 

Neai‘est practical values : 12-mm. bars at 20-cm. centres. 

(d) To express 600 lb. per sq. in. in metric units : 

600 

= " - — = 42 kg. per sq. cm. approximately. 

(e) To convert 6 lb. per sq. yd. to metric units: 

6 

6 lb- = ^ = 2-71 kg- 

6 lb. per sq. yd. = = 3-24 kg. per sq. ni. 


NOTES. 

Conversion tabic is based on 

I in. = 2*539 cm. 

I kg. = 2*21 lb. 

To convert moment of resistance factor Q in British units to Qm in metric units, 

Qm = 0-07036 

R.M. in Kg. cms. — (where b and d are in cms.). 



MET(?IC EQUIVALENTS 

(METIfes) 

TA6LE 

Ne57 

n 

0" 

■■ 

2’ 

3" 

■■ 


(o 

Bi 

6‘ 

Efl 

loT 

ll' 

-2^ 

- 

0*025 

0*061 

0*076 

0*102 

|o*l27 

0*152 

BBSI 

0*205 

0*224 

0*254 

0*274 

1 

2 

0*305 

0*530 

0*360 


II9SI 

mm 


0*553 

0*554 

0*584 






o*<>io 

0*635 

0*660 

0*666 

0*711 

0*757 

0*762 

0*767 

0*613 

0*830 

0*864 

0*88^ 

H 

0*<|I4 


0*465 

0*441 

1*016 

1*041 

1*067 

1*042 

l*!16 

1*145 

1*168 

f*(44 

El 


1*245 

1*270 

1*245 

1*321 

1*346 

1*37? 

1*347 

1*422 

1*448 

1*473 

1*444 

5 

1*524 

1*544 

1*575 

1*600 

1*628 

1*651 

1*6.76 

1*702 

1*727 

1*755 

1*778 

1*803 

& 


1*854 

1*680 

1*405 

1*430 

1*456 

1*46! 

2*007 

2*032 

2*657 

2*063 

2*108 

7 

2*134 

2*164 

2*184 

2*210 

2*255 

2*261 

2*286 

2*311 

2*337 

2*562 

2*588 

2-415 

8 

2*450 

2*464 


2*515 

2*534 

2*565 

2*541 

2*616 

2*642 

2*667 

2*642 

2*718 

q 

2*745 

2*764 

2*744 

2*814 

2*645 

2*671 

2*846 

2*421 

2*446 

2*472 

2*447 

3*025 

10 

3*046 

5*073 

3*044 

3*124 

3*150 

3*175 

3*200 

3-^226 

3*251 

3-277 

3*302 

3*327 


3*555 

3*376 

3*404 

3-424 

3*454 

3M80 

3*505 

3*531 

3-556 

3*581 

3*607 

3*632 


5*056 


3*706 

3*734 

3*754 

3-785 

IB59 

3*855 

3*861 

3*686 

3*412 

3*437 


5*<?&2 

3*465 

4*013 

4-034 

4*064 


4*115 

4*140 

4* 166 

4-1^1 

4*216 

4*242 


4*207 

4*243' 

4*318 

4*345 


4-M5 

4*420 

IRSSi 

4*470 

4*4<1& 

rai 

4*547 

4*572 

4*547 

4*625 

4*648 

14*674 

EBEIBSKSS 

4*775 

4*80! 

4*826 

E5SI 

4*077 

4*402 

4*428 

4*454 

ns9 

5*004 

5*024 

5*055 


5*105 

5*131 

5*156 


5*162 

5*207 

5*232 

5*258 

5*263 

5*308 

5*334 

BSEI 

5*386 

5*410 

5*436 

5*46t 


5*460 

5*512 

5*557 

5*562 

5*586 

5*613 

5*634 

5*6«4 

5*640 

5*715 

5*741 

5*766 


5*741 

5*617 

5*642 

5*8fe7 

5*043 

5*418 

5*444 

5*464 

5*444 

6*020 

6*045 

6*071 


o*oqo 

6*121 

6*147 

6*172 

6*146 

6*223 

6*248 

6*274 

6*244 

6*525 

6*550 

6*575 


0*401 

6*426 

6*452 

6*477 

6*502 

G*528 

6*553 

6*574 

6*604 

6*624 

6*655 

6*680 


6*100 

6*731 

6*756 

6-782 

6*607 

pglHi 

&*858 

6*885 

b-t^oq 

&*<154 

6*460 

6*<185 

7*010 

7*056 

7*061 

7*067 

7-112 


7*188 

BBHI 

7*234 

7*264 

7*240 


7*315 

7*341 

7*366 

7*341 

7*417 

7*442 

7*468 

7*4'^3 

7*516 

7*544 

TSM 

7*545 


7*620 

7*645 

7*671 

7*646 

7*722 

7*747 

ESE9 

7*748 

7-823 

7*844 

7*874 

7*844 


7*425 

7*450 

7*475 

6*001 

6*026 

8*052 

8*077 

6*102 

6*128 

8*153 

6*174 

8*204 


8*22<^ 

6*255 

8*280 

6*506 

8*331 

8*356 

8*582 

6*407 

(SIS9I 

HBiS 

8*463 

8*SO<1 


8*534 

8*560 

6*565 

6*610 

8*636 

6*661 

8*&67 

8*712 

8*757 

8*7a8 

8*814 


6*834 

6*664 

6*640 

8*415 

8*441 

8*466 

8*441 

<1*017 

<1*042 

<1*068 

4*045 

4*118 

4*144 

4M64 

4*145 

4*220 

4*246 

4*2'7' 

4*247 

<1*322 

ESSS 

<1*373 

4*344 

<1*424 


4*444 

4*474 

4*500 

4*525 

q-55i 

4*576 

q*602 

<1*»27 

<1*653 

41*678 

4*704 

BBS! 


11*887 

n*4t2 

11*438 

11*463 

Il•<l8«^ 

12*014 

12*040 

12*065 

I2*0<il 

12*116 

12*142 

12*167 1 


12*142 

12*217 

12*245 

12*268 

12*244 

12*314 

12*345 

12*370 

I2*3<16 

12*421 

12*447 

I3B3I 

15*240 

15*205 

16*241 

15*316 

15*342 

I5*5«7 

15*343 
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15*444 

I5*46<1 
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15*520 1 
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■59 
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^1 


Tb CONVERT 


MOLTIPLV 8Y 

3*18 •* 

J2*7 • 

2^^3* 

VAOOS* 


1 
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6*35 • 
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|S*88 

OMO* 

2*54 ■ 
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cu. VOS: 
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{? 
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7*44 • 


mm 
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1 

4 * 53 * 
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EXAMPLES OF USE OF TABLE No. 38. 

(a) To express 10 ft. 5.:^ in. as a decimal of a foot: 

10 ft. = lO OOOOO 
5;;^^ in. = 0*42969 

10*43 ft. 

(b) To convert 0*6732 ft. to inches (nearest v^^^nd) : 

0*6732 ft. 

0*67187 ft. = 8^V ^^* 


Difference = 0 00133 which is slightly more than 
0*6732 ft. = 8.fj, in. 


NOTE^. 


Therefore 



DECIMAL EQUIVALENTS 


TABLE N«38. 


□ I 


6 

7 


BESI 


•585q4| 

mm 

•50761 

•54114 

•51041 

•54574 






•54lt4 *<^2445 



•45226 •5l5fe2 


• 4548 ^ 


•55416 *4575 Us7oa3 


•55677 *4401 


•35^57 I *4427 


• 56 l 68 ti* 4455 l 


ESSiS BS^99 BSSSI flSESiS ESSSSI 



m 


•11716 


•fW7^ •205f2 


•I 223 <) *20575 


•125 -20852 


•1276 •2lOq4 


•1502 


• 28125 

•36458 

•28365 

•367t4 

•26<i46 

•56474 




•575 -45655 


•5776 *460^4 



04^46 •15261 •2»6»4 


•15541 -218^4 


•5602 


•5826r -466<4 


•6276 .71044 74427 


•6502 *71555 -7^687 


•71614 


•675 *45855 


6776 


BSS B5S9IESSIESSSIESS9 

_SEIBE 

I^EiSlIC 


I kUmI ESilS KfiMM 




•65602 -72155 •00464 


•50724 


525 I •22656 -50464 


BS 9 S 9 ^S 3 S 9 BES 39 ESE^I ^SS 19 


•0651 

•14844 

•25177 

•5151 


•48m 

•565* 


•15104 

•25457 

•31771 

•40104 

ESSEuESSB 

B83I 

•15564 

•25648 

•52031 

•40564 

M8648 



P 


omn 

BESSi BESS! ESS9 

•40625 

1-48456 

•57242 


•72416 


•8151 


•65104 •754571-61771 


•65544 • 73646 


•75458 |•8^242 


7656 


•47416 


•48177 


•15885 *242(4 •32552 


15535531BES3 EE8E31E5E5S EBSl E^23 D2S33 


•41146 1*44474 


-(6406 *24734 


2 




mmmsi 


mm 








DIVISIONS OP A poor exPRCSSED IN FE^r 
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EXAMPLE OF USE OF TABLE No. 39. 

To find the moment of inertia of a tee-beam of 20 ft. span with a rib 8 in. wide and 
16 in. deep below a 4-in. slab. 

Dg 4 

Thus D• = 4 in.; Z> = 4 in. + 16 in. = 20 in. tt — — = 0*20. 

^ ^ ^ D 20 

From Table No. 32 the width of the flange Bg can be taken as the smaller of 
(i) 12Ds 4- B (12 X 4) 4- 8 = 56 in. 

20 ft. . , ^ . 

(jj) —«— = 6 ft. 8 in. 

B 8 

Hence Bg = 56 in. and Zi 8 in.; — = — = 0-14. 

Dg B 

From Table No. 39, with jr — 0-20 and ^ = 0*14, C = 0-175. 

ij tig 

Therefore moment of inertia = 0-175 x 8 x 20* = 11,200 in.* 


NOTES. 
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MISCELLANEOUS CATA. 


TA5LE 


ZI*'*' 




.828 0^ 

XX. • 109 O® 

YY. MOItb 

•7854 

5 

•oqs2 D 



MOMENT OP INERTIA. OP TEE SECTION 

MOfv\e.frr cf tN»rruk axis X " x 

'rVMCOUOM CeNTfCOlO X 


O- 

lO 

o* 

IS 

o« 

20 

0- 

^>o. 

0- 

40 

0- 

45 

0- 

50 


-C&D" D x_-^“.:^rrrr:5< 

VALU6S C Alttt TAJ&UI.A*r«0. 


O _ RATIO 

^ - 12 . -14 *16 *18 -iO -221*^4 -26 -28 -SO *55 *40 -45 -SO -bO-TO -BO 


•oen 
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ESSENTIAL TRIGONOMETRICAL FORMULiE. 
sin*d -f cos*d s* I 
^ I 

cosec 0 « s 
sin 6 

I 


sec d — ^ 

cos 0 

sin (0 -|- ^) = sin 0 cos + cos 0 sin ^ 

sin (0 — = sin 0 cos 4 * — cos 0 sin 4 > 

cos (0 4-^)= cos 0 cos ^ — sin 0 sin 4 * 

cos (0 — ^) = cos 0 cos ^ -f- sin 0 sin ^ 

^ tan 0 4- tan ^ 

tan (0 4-^)=-7- — -- 

' 1 — tan 0 tan 4 > 

. tan 0 — tan 6 

tan (6 4>) - 


I 4- tan 0 tan 4 > 
Applicable to any triangle ABC in which AB == c; 

sin A sin B sin C 
a ~~ h ^ c 
he sin A ac sin B ab sin C 


BC ^ a; AC ^ b; 


Area = 

2 2 

where 5 = J(a + i + c). 


V s(s — a)(s — b){s — c) 


• ^ / 
"'"2 = V 


(5 - fc)(i - c) 
be 


cos A- 


bV 


^bc 


additional useful FOf?MUL^;- 
sin 


NOTES 

u u;3c.rt/u rcw»^uu«:.«— \ 

in ^ -h sin Q « 2. sin Cos ♦ 7 

2 cos sin (V) 

cos 0 4* cos iji « 2 cos cos (-^) 

cos 0 — cos ^ =« —2 %in ^2^) 

^ 4og 


Roots of quaorattics; 

OA^ +• bK c 

AFFLICATIONSJ— 


(o) Roor scopes: S —^ +->4* 

L.lotlTtMq 6t.oFC FOP Ifsicv.ir 4«0 l.OAO»Fl<t TASt.C Nf 2 ^ •» 20 * 

H*Co+2cP 3- 2-7475 

TMw«e#b«t «c^pft |:E^ 

BARTM PResSURC*: , I—sine _ 4- 

o) I ^ ^0 tent-* 2 / 

J-L±^ 

1 -«;oe 2/ 

(c) HOPPED sonrroM elopes: spbcifico MnaiMUM ei-opk. in vai-«-cv^^ < 


X 

X 


*2 


RX 


Oy A / \ ^ 

JTyL UK(.-b"tJr!^ ua,-BUf4TT; 

^ TsacsE 2Z ano 43^ 

4 x^ 
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TRIGONOMETRICAL RATIOS. 


TA&LE NC40. 


TAN6Ei>rr 



iq* 

081 1 

14- 

3007 

II • 

4201 

q • 

6144 













^646 


q 76 i 


^744 




qc»t 3 




^611 


<^495 




^ 35 e> 


^Zl'Z 


<^205 


^135 




sqds 


6^10 


862 q 
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BMDGE DESIGN NOTES 


TABLE N?4I 




L, « 12-5 (s + 10 ) FEET. 


VMEKE S a ALGEftAAIC DIFFEMHCE OF SLOPE^fEXPMSSED 
AS FERCtHTAOE. tjQ. ' -v 

SLOPE 11 20 a ® 

J SLi, 

‘= 4 «> vi 


^ II \* 

AT ANY POINT : d, m l-~j d 
MAX. OAADIENT FOA MAIN AOAOS < 


MAX. OAADIENT FOA MAIN AOAOS a I *. SO ; G a 3!^% 
SITE DISTANCE OVEA CAOWN OF EMOOB ^AOAOVAy) :- 

^ (D»- 4 : 500 ft.) 


Da - (dc-»-5-75) 


5 a Gi-f 


CONTACT CUavES. 


J^»JL 

w Rej V 


\ ^ L = LENGTH OF 61AAIN0 (iHS.) 

K» 342 foaI:1!4:3 COHCAETE 

* 2,840 FOA CAST STEEL 
(PIAW.L. SCOTT) 

^ • AAO. OF BEAMNO (iN.) 

3. ^ \ 'V a total load OMBEAAJNa(u) 

w** kUi” f^tl 


PEKMIS5I6LE STKESSE^ ON STEEL 5EAMHGS. 

PINS. BlHOWQ s ISWton pea sq.in. KOLLE^S : D » oia.of aollea (in). 5^" 

BEAMHQ clS •* • • PAE55UAE OH STEEL AOLLEAS > 0*28D 

SHCAA = ©h • • • TON PEA UH. IN. 

PEKrAlSSIBLE PRESSURES UHDEP> 6EDPLATES. 

PLAIN CONCAETE \ I A 24 T 0 H PEA FT. SQ-l THESE PAISSUAES ASSUME LOAD INCLUDES 

^ ± • DEAD + LIVE + IMPACT 

1:6 n 20 ^ 

IHCAEASI BY 7CV IF ITINO, CEHTAIFUCAL FOACE, 

AElNFOACtO CONCAITI) ‘.4 - 36 •• • »• » LONOITUOIN>^FOACES. AND TEMPIAATUAE 

l:G •* 30 W ••••«• J AAE INCLUDED IN LOAD. 


LONGITUDINAL FOACES. AND TEMPEAATUAE 
AAE INCLUDED IN LOAD. 


LONGITUDIKAL PO^CES DUE TO 6EAMHGS. 

FAICTIONAL ABtlSTANCE OF AOLLEAS 3 PEA CENT. 

*• •• ItlOiNQ PLATES 25 • ” (STElL ON STEEL OA CAST IAOn) 

EXPANSION OA CONTAACTION DUE TO TEMPEAATUAE *. ALLOWED POA EYCONSIOEAIMC PAICTION ON ONE EXPANSION 
SEAAINO UNDEA DEAD LOAD AS’ADDITION TNAUST OA PULL IN BOOM OF OIADEA TO WHICH MAAINQ IS ATTACHED 




























ADDITIONAL EXAMPLES. 

The following examples have been compiled to indicate the use of a series of the 
foregoing tables in the design of a number of complete structural parts, together with 
examples of taking-off and approximately pricing bills of quantities. 

(i) Typical Design of Floor Panel—Beam and Slab Construction (page 303). 

(ii) Typical Design of Floor Panel—'Flat Slab Construction. 

(а) With dropped panels (page 306). 

(б) Without dropped panels (page 308). 

(iii) Typical Design of Hopper Bottom (page 310). 

(iv) Typical Example of Quantities and Cost Estimating (page 313). 

(v) Typical Design of Hollow-tile Slabs (page 315). 
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Fi^. 50.—Typical Detail of Beam and Slab Constraction 
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(i) TYPICAL DESIGN OF FLOOR PANEL~-BEAM AND SLAB 

CONSTRUCTION 

(See Fig. 50 for details and general arrangement.) 

Warehouse floor in panels 20 ft. square ; i-in. granolithic finish not to be included 
in resistance section. 

Adopt 1:2:4 ordinary concrete (see Table No. 23) and as working stresses : 
Concrete in compression = 750 lb. per sq. in. 

Steel in tension = 18,000 

Binders ^ = 18,000 

Bent-up bars = 18,000 ,, ., ,, 

With 18,000 and 750 (from Table No. 27 with stress ratio = 24), lever arm 
= = 0*87 ; neutral axis depth ratio 3^* = 0 39, for w = 15. 

Adopt live load = 224 lb. per sq. ft. (*1: 200 lb. per Table No. 2). 

Slab.— Dead load : i-in. granolithic (Table No. i) = 12 lb. per sq. ft. 

4-in slab == 4 X 12 = 48 ,, ,, ,, 

Total dead load = 60 ,, ,, ,, 

Live load; = 224 ,, „ ,, 

Total load = 284 ,, ,, ,, 

224 

Ratio of live to dead load = — = 3*73. Since the ratio of live to dead load 

exceeds 2, it will be necessary to provide top steel throughout; hence adopt detail 
similar to that in Fig. 38(6). With B.M. coefficients given on Table No. 10 : 
Midspan and support B.M. = 0 083 x 284 x 6-67* = 1,045 ft.-lb. 

= 12,540 in.-lb. 

Slab thickness, from Table No. 31, for 18,000 and 750, = 4 in. 

Effective depth = cf = 3-25 in. 

, 12,540 

Ar == -5 -s-- = 0-246 sq. in. 

^ 18,000 X 0-87 X 3-25 ^ ^ 

Refer to Table No. 25 and provide |-in. bars at 5-in centres. 
Distribution steel: 20 per cent, of 0-246 = 0 050 sq. in., say, J-in. at 12-in, 
centres. 

0*3 

Top bars over main beams = — x 12 x 4 “ 0-144 sq. in., given by |-in. bars 
at 7i-in. centres. 


Secondary Beams. —Effective span 
section = 16 in. by 8 in. ; d — 18-5 in. 

Dead load : Slab — 6-67 x 60 
Beam rib, say 


= 20 ft.; clear span — 19 ft. 
= 400 lb. per ft. run. 

= 130 . 


Assume net 


Total dead load 
Live load : 6-67 x 224 


== 530 , 

= 1,500 


Total load 


= 2,030 


Ratio of live to dead load is approximately 3. Referring to Table No. 10, the 
beam can either be designed for a B.M. coefficient of at midspan and support, or 
for 0-073 at midspan and 0-104 at supports; since the secondary beams have main 
beams for their supports,^ adopt the former coefficients. 


B.M. at midspan and support 

= 0-083 X 2,030 X 20* X 12 = 812,000 in.-lb. 
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Maximum breadth of flange {Table No. 32): 

(i) 6*67 ft. = 80 in. 

(ii) X 12 =80 in. 

(hi) (12 X 4) 4 - 8 = 56 in. ; therefore h, **56 in. 
n = 0*39 X 18-5 = 7*2 in., and the neutral axis is below the slab ; 
a = 16-5 in. 


R.M. of compression 750 x 56 x 16*5 x ^ 

at midspan 2 x 7 2 (^ 4*4 4 ) 

which is ample. 

Tiyr- 1 812,000 

Midspan Ar — = 2 73 sq. in. 

^ ^ 18,000 X i6*5 ^ 

Four i-in. bars — 3-14 sq. in. 


2,003,000 in.-lb., 


At support: 


Ar 


812,000 

18,000 X 0-87 X 17*5 


2*98 sq. in. 


Four i-in. bars — 3-14 sq. in. 

R.M. of compression at support: From Table No. 29, R.M. of concrete 
only = 8 X 38,000, say, 304,000 in. lb. which is insufiicient. With an 
increased compressive stress of 950 lb. per sq. in. at the support, and 
Ac - Ar, R.M. = 8 X ‘130,000 = 1,040,090 in. lb., which is satisfactory 
if Ar = ^ X 0*45 (say) = 3-6 sq. in. (3*14 sq. in. have been 

provided). Alternatively, by ** steel-beam theory,*' 


Ar ~ Ac 


812,000 
18,000 X 15 


= 301 


sq. in. 


Maximum shear force = 2,030 x 19 x 0*5 =* 19,300 lb. 

19,700 


s = 


= 160 lb. per sq. in. Satisfactory. 


8 X 15 

From Table No. 33, one i-in. bar bent-up at 45 deg. at 18,000 lb. per sq. in. 
takes 20,000 lb. arranged in “ double system." This is sufficient with 
nominal binding. 

At end of second bent-up bar (3 ft, from support) shear force = 2,030 x 7 

14,210 

= 14,210 lb. and 5 = ^ —7— == 108 lb. per sq. in.; therefore, from 

Table No. 33, if this shear is taken on binders, the required value of V is 
14,210 

^ - — 860. This is provided by J-in. single binders at 4j-in. centres 
at 18,000 lb, per sq. in. 

Main Beams. —Effective span — 20 ft. ; clear span == 18 ft. 9 in. (15-in. column). 
Assume section : 18 in. by 12 in. net. 

Dead loads. Point loads — 2 x 530 x 19 = 20,200 lb. 


Uniformly distributed : Beam = 216 lb. per ft. run. 

Slab, etc. = 60 „ ,, „ 


Total = 18J X 276 = 5,180 lb. 

Live loads. Point loads : = 2 x 1,500 x 19 = 57,000 lb. 

Uniformly distributed (= live load on beam width) 

= 18J XIX 336 = 6,300 lb. 

Considering the span as equivalent to the centre span of a five-span beam system, 
the moment coefficients can be taken from Table No. 8 ; 

Midspan B 3 if. m.-lb. 

Dead-load point loads : o*o6i x 20,200 x 20 x 12 =» 296,000 

„ distributed load : 0*046 x 5,180 x 20 x 12 =* 57,000 

Live-load point loads : 0*115 x 57,000 x 20 x 12 « 1,570,000 

„ distributed load : 0 086 x 6,300 x 20 x 12 « 130,000 


Total = 2,053,000 
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Support B.M. : 

Dead-load point loads : 

,, distributed load : 
Live-load point loads : 

„ distributed load : 


iii.-lb. 

0106 X 20,200 X 20 X 12 = 513,000 

0 080 X 5,180 X 20 X 12 = 100,000 

0148 X 57,000 X 20 X 12 == 2,022,000 

0111 X 6,300 X 20 X 12 == 168,000 


Total = 2,803,000 

Midspan section : Maximum breadth of flange = (12 X4)-|- 12 = 60 in. 

n = 0*39 X 19*75 = 7'7 = i775 ii'* approximately. 

R.M. of compression. 

Flange (excluding stem) 

750 X 48 X 1775 X 4, , 

- (15*4 — 4) — I 890,000 in.-lb. 


2 X 7*7 


Stem alone 


126 X 12 X 1975* = 590,000 


Total = 2,480,000 „ 

Thus the assumed section provides sulticicnt compressive resistance at midspan. 
Allow for the positive B.M. being increased by 15 per cent, of 2,803,000 = 422,000 
+ 2,053,000 = 2,475,000 in.-lb*. R.M.' is therefore sufficient at midspan. 


Midspan : Af, 


2 , 475^000 
18,000 X 17 75 


7*43 sq. in. 


Six ij-in. bars (= 7*36 scj. in.) (sec below). 

Support Section. B.M. — 2,803,000 — 42^ 000 — 2,481,000 


(per inch width) required = 


2,481,009 

12 


= 207,000 in.-lb. 


in.-lb. 


R.M. 


With c not exceeding 950 lb. per sq. in. and At = Ac, this is given by a 
section with d = 22 in. Hence a 9-in. haunch is provided, and Af = Ac» 
= 27 in. 

ac = 0 87 X 27 = 23 5 in. ; a, = 23*5 in. 


A f 


2,481,000 
18,000 X 23*5 


= 5*66 sq. 


in. 


Provide six i J-in. bars in top and bottom. (Note that this gives exces¬ 
sive area in the top but less than the required area is provided at mid¬ 
span.) 

Maximum shear force == one-half the total load = 44,340 lb. Two ij-in. 
bars bent-up at 30 deg. (double system) at 18,000 lb. take 
2 X 22,050 = 44,100 lb. 

(Table No. 33). This shear remains practically constant up to the point 
load ; thus the same resistance is required throughout. 


Approximate shear stress at end of haunch 


44>340 
12 X 1775 


208 lb. per sq. in.. 


which is allowable for main beams. 

Maximum shear beyond point load = ^(5,180 -1- 6,300) = 1,900 lb., which 
can be safely taken on the concrete at > 75 lb. per sq. in. 

The anchorage lengths of, and types of, hooks for the various bars are calculated 
from the data on Table No. 24, and the points of bending-up or stopping-off arc deter¬ 
mined in accordance with Table No. 32. When the detail^ arrangement of the bars 
has been Anally determined, as in Fig. 50, the effective depths and lever arms of the 
various sections may be slightly different from the values assumed in the calculations, 
but these divergences would make no difference to the steel areas provided. 
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(ii) TYPICAL .DESIGN OF FLOOR PANEI^FLAT SLAB CONSTRUCTION 
(a) With Dropped Panels {Fig, 51). 

Floor panel 20 ft. square, with finish, loading, stresses, etc., as in Example (i). 
See Table No. 42 for'speci^ formulae, etc. Minimum size of dropped panel = 0*33 x 20 
= 6 ft. 8 in.; maximum size = 0-5 x 20 = 10 ft. 

Make drop panel 10 ft. square. 

Minimum diameter of column head = 0*2 x 20 = 4 ft. ; maximum diameter 
= 0*25 X 20 = 5 ft. Make column head 4 ft. 6 in. diameter. 

J 5 = L = 20 ft. 

5 ^ = 5 ^ = 20 — (0 67 X 4-5) = 17 ft. 

Loading : Live = 224 lb. per sq. ft. 

i-in. granolithic = 12 „ „ „ 

Dead (say) =114 „ „ „ 


(«) 

(b) 


{c) 

{d) 


=350 .. .. .. 

Total positive B.M. = 0-038 x 350 x 20 x 17* x 12 = 885,000 in.-lb. 

0*42 X 885,000 

42 per cent, to be provided in middle strip =- - - = 37,200 


in.-lb. per ft. 

Remaining per cent, to be provided in column strip 


0-58 X 885.000 


10 


51,300 in.-lb. per ft. 


Total negative B.M. = 0-062 x 350 x 20 x 17* x 12 == 1,445,000 in.-lb. 

0*26 X 1,445,000 

26 per cent, to be provided in middle strip = - — ■ - - = 37,400 


in.-lb. per ft. 

Remaining 74 per cent, to be provided in column strip 

d-74 X 1,445,000 ^ „ 

= -- = 106,900 m.-lb. per ft. 


Moments (a), (6), and {c) will control the thickness of the slab between the dropped 
panels ; from To^le No. 31, effective depth required for 18,000 and 750 is about 6-25 in. 

Slab 7J in. thick with f-in. bars gives d =* 6-56 in. for bottom layer of steel and 
5*94 in. for second layer (average = 6-25 in.). 

Moment (d) will control the thickness of the dropped panel: from Table No. 31 
an effective depth of about 8-6 in. is required. 

Making the dropped panel 10 in. thick gives d = 9-06 in. for the top layer of bars 
and 8*44 in. for second layer of bars (with f-in. bars). 

The slab thicknesses provided give a dead load not exceeding that assumed. 

Calculation of st^l areas. 

In middle • strip : 

in bottom at midspan and in top over column centre line, area 


37 » 5 <x> 


5*94 X 0-87 X 18,000 
7^in. centres. 

In column strips: 

in bottom at midspan, area >= 


= 0*404 sq. in. Say, f-in. bars at 


5L300 


0-552 sq. in. 


5*94 X 0-87 X 18,000 

say, f-in. bars at 6-in. centres; 
in top of drop panel over colunm centre line, area 

106,900 « ^ . 

« --- 03 0*806 sq. m. 

8*44 X 0*87 X 18,000 ^ 

Say, f-in. bars at 6-in. centres and f-in. bars at 12-in. centres. 




Fig. 51.—Typical Detail of Flat Slab Construction with Dropped Panels. 
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( 6 ) Without Dropped Panels (Fig. 52 ). 

Assume value of loading is 350 lb. per sq. ft. as in example with dropped panels. 
By calculations similar to previous Example, the following moments are obtained : 

Total positive B.M. = 933,000 in.-lb. 

(а) 45 per cent, to be provided in middle strip = 42,000 in.-lb. per ft. 

(б) 55 per cent, to be povided in column strip = 51,300 in.-lb. per ft. 
Total negative B.M. = 1,400,000 in.-lb. 

(c) 30 per cent, to be provided in middle strip == 42,000 in.-lb. per ft. 

(if) 70 per cent, to be provided in each outer quarter = 98,000 in.-lb. per ft. 
Moment (d) will control slab thickness: from Table No. 31, effective depth 
required is about 8 in. 

A 9j-in. slab with ^-in. bars gives an effective depth of 875 in. for the 
first layer of bars and 8*25 in. for the second layer. 

Calculation of steel areas: 

In middle strip: 

in bottom at midspan and in top over column centre line 
42,000 

5 -5-5- = 0 325 sq. in. 

8 25 X 0 87 X 18,000 J ^ ^ 

Use J-in. bars at 6-in. centres. 

In column strips: 

51,300 

in bottom at midspan 5-5-5- = 0-400 sq. in. Use 

^ 8-25 X 0*87 X 18,000 ^ ^ 

J-in. bars at 4j-in. centres (to suit negative moment steel), 

98,000 

in top over column centre line 5-5-5- = 0-760 sq. in. 

^ 8-25 X 0-87 X 18,000 ' ^ 

Use i-in. bars at 4j-in. centres and i-in. bars at 9-in. centres. 


FLAT SLABS. ( 


SEE. ALSO CHAFTER IST 


BEAMUESS^ 
FLOORS . 


TABLE N? 42. 


S»Xe. OF DROPPED PAMEU 
01 A. OF COLUMN MEAD * 


CFPCCTlVe SPANS 


L ^ e> s LftNCTHS OF PANEL SIDES (FT.) 
L e> fi^No 

PANEL 4 ^ ^ ^ ^ ^ ^ 

6 AD a D O'ZOU » 

Su ~ L-0-G7O; == 0-^70 

rs ( FT.-LO.) WITHOUT DROPS. W»TM DROPS. 


i SENO^Kja MOMENTS ( FT.-LO.} without DROPS. W»TM DROPS. 

Total positive parallel to L : 0*04ojLSJ ' 0*038o)LSft 

DITTO Ditto ft • 0*0463 83^ 0*O36u)fi>S^ 

DITTO TO &£ PROVIDED IN MiOOLfi SfRlPl- 45 PER CENT 4'Z PERCENT 
Total negative parallel to L : O'OC^GjLS^ O'OGlcOLS^ 

Ditto ditto 0*0Gu)6S^ O*OGZc0bSj 

Ditto to ee provided in middle strip; 50 percent. 2^ferc£i4T i 

END sp ans;- POS’ff b.MS IDEE INCREASED ST ZS PER CENT. 





; fQ^ «r4V«<fc 


'9 



Fig. 52.—Typical Detail of Flat Slab Construction without Dropped Panels. 
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(iii) TYPICAL DESIGN OF HOPPER BOTTOM. 

(See Fig. 53 for details and general arrangement. See Table No. 22 for formulae.) 

To design the hopper bottom of a coal bunker 15 ft. square, that is, L = S = 15 ft.; 
a = 6 ~ I ft. 6 in. ; H ~ 12 it. ; E ~ 7 ft. 6 in. 

Hence by calculation or scaling, d ~ 10 ft. 

7*5 

and sin 0 —- = 0*75 

lo-o 

6*75 

cos 0 == - = 0-675. 

By drawing the inscribed circle on a normal plan of one side of the bottom : 
i) — 8 ft. and ~ 9 ft. 6 in. 

A = 15 ft. ; S = 4 ft. 6 in. ; and I — 9-5 ft. 

Assuming a 5>in. slab, w, = 60 lb. per sq. ft. 

From Table No. 5, for coal, w = 50 lb. per cb. ft. ; A* = 0-271. 
pn - 50 X i5(9-27i' X 0-752 + 0-6752) -f (60 X 0-675) 

= 495 lb. p^r sq. ft. normal to slab. 

= wt. of bottom below C — 8,500 lb. approximately. 

~ wt. of complete bottom = 22,500 lb. approximately. 

12)] 4- 22,500 


IV = 5 o[ 2-5 (i' 5’* + 15® + 15* X I-5“) + (15* 

= 188,750 lb. 

\ = 5o[^(i-5^ + 9 5“ + v'i-5» X 9-5*) + (9-5‘ X 15)] + 8,500 
= 93.650 lb. 

At critical sections B.M. = 0-375 x 495 x 8* — 12,000 in,-lb. Neglecting effect 




of direct tension, effective depth required = 0 0926 


V 12,000 
rz * 


say, 3 in. with stresses 


not exceeding 700 and 17,000 lb. per sq. in. Thus 5 in., as assumed, is ample, but it is 
not practicable to make the slab much thinner. 

Horizor ^ <1 reinforcement : N = 0-5 x 495 x 0-75 x 9*5 = 1,760 lb. per ft. 
Adopting file niethod given in Chapter XIV for combined stresses, 

12,000 


1,760 


= 6-8 
Bs 

j, 


6-8 in. 


4- 0-75 = 5-05 in. 


1,760 X 5-05 
8,900 

0 87 x 4-25 X 17,000 
1,760 
17,000 


8,900 in.-lb. 

0-143 sq. in. 

0-103 


0-246 ,, 

Provide J-in. bars at 9-in. centres. 
Longitudinal reinforcement in bottom at centre of slope : 

‘^>3»65o ,, 

3,300 lb. per ft. 


N = 


2 X 0-75 X 2 X 9*5 
12,000 


e. 


3.300 
3*63 - 


= 3-63 in. 

2‘5 4- 0-75 = 1-88 in. 


1-88 


. 1 ) = o 


17,000X0-87 X 4-25 
Provide J-in. bars at 7-in. centres. 


•293 sq. in. 




Fig. 53.—Typical Detail of Hopper Bottom. 
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Longitudinal reinforcement in top of slab at top of slope. 
_188,750 


N 


2 X 075 X 2 X 15 
12,000 

= 2*9 m. 


4,150 lb. per. ft. 


4.150 

e» = 2*9 — 2'5 -f 075 = 115 in. 


+ I, 


17,000x0*87 X 4*25 
Provide ^in. bars at 7-in. centres. 


0*320 sq. m. 


PRESSURES ON INCLINED SURFACES. TABLEN? 45 

fOKnuiK nh T^BL^ W22. 

Ph* ^ cos^ -h U^OOS 0| 

• NO^MAl P^E4$UM(^LB/PT.^} AT R 
U>- WEIGHT OF FILLING ^LSAt.^ 
h * DEPTH OF POINT PBELOW SUAPACE 

L )~sine , .S 

kt-nTTibr^ table NO 5) 

a - angle of repose of filling 

a, - ANGLE OF SLOPE OF SURFACE 
10J- WEIGHT OF INCLINED SLAB (lb/FT.^^ 


VALUES OF kj^sin^0, 4- COS*6, 


ANGLE 

OF 

SLOPE 

e, 

ANGLE OF REPOSE * 0 | 

30® 

32*5“ 

55“ 

37-5“ 

40“ 

42* 5® 

45“ 

10* 

0-98 

0*98 

0-98 

0*98 

0*98 

0-38 

0*98 

zo "" 

0*92 

0*92 

0’9Z 

qH 

0*91 

0*91 

0*90 

30® 

0*83 

0*83 

0*82 

0-81 

0*81 

0-80 

0*79 

35® 

0*78 

0 -n 

0*76 

0*75 

0*74 

0*73 

0*73 

40* 

0*72 

0*71 

0*70 

0*69 

0*68 

0*67 

0*66 

4&® 

0-67 

0-6S 

0S4 

0*62 

0*61 

0*60 

0 *58 

50® 

O-il 

0*59 

IQQQII 

0*55 

0*54 

0*52 

0*5t 

55® 

0*S5 

0*55 

0*51 

0*49 

0-47 

0*46 

0-44 

60® 

0' 50 

0*48 

0*45 

0*43 

0-41 

0*40 

0-58 

65“ 

0-45 

0-41 

0*40 

0*50 

0-36 

0*53 

o-s% 

70® 

0*41 

0*38 

0*36 

0*33 

0*31 - 

0 -Z 9 

o-ii 

80“ 

0“35 

0-32 

0*29 

0*26 

0-24 

IQQIIIII 

0-18 



4U^P^CE Of TILL 
^0AL,6AAIH,0R 
SIMILAR DRY 
WAT I rials) 


Ph 


* k« u}h 
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(iv) TYPICAL EXAMPLE OF QUANTITIES AND COST ESTIMATING. 

Quantities are taken-off for one 20-ft. square panel of floor of beam and slab 
construction, as detailed in Fig, 50 (columns excluded). 

Concrete. Shuttering. 


Slab 

20' 0^ 
20' 0^ 
4" 

133*3 

20' o"' 
20' o"" 

400 

Secondary Beams. 

2/19' 0^ 

i' 4-: 
8" 

.33*9 

2/2/19' 0' 

I' 4' 

lOI 


18' 9" 
8" 
i' 4" 

i6*7 

2/18' 9" 
I' 4' 

.50 

Main Beams. 

18' 9" 
1' 0^ 
1' 6" 

28-1 

2/18' 9' 
l' 6 ’ 

56 

2 


2/i/ 2' 3^ 
1' 0" 
9 "^ 

17 

2/2/i/ 2' 3' 
6" 


Total 

2137 cu. ft. 


609 

I-in. granolithic : 20' 
20' 

say 

0^ 

0" 400 

= 8 0 cu. yard. 

Deduct i' 3"' 
i' 3"' 

2 


Total 

say 

607 sq. ft. 

--- 68 sq. yd 

Deduct i' 

i' 

3" 

3" 2 



398 sq, ft. == 45 sq. yd. 


Reinforcement ^sce descriptive bending list of details in Fig. 30.) 


Diameter 

i in. 

in. 

i in. 

4 in. 

1 in. ij in. 

Slab (20 ft. sq.) 

630 

735 






756 



Secondary l)eams 



408 

T08 

132 

(3 No.) 




8 

86 





08 

Main beam 


109 

46.5 

20 

39 

(T No.) 


9 



59 


II 



67 



12 



39 






33 

Total length : 

630 

141 

2,354 

136 

316 237 ft. 

Weight per ft. : 

0167 

0261 

0376 

0-668 

2 67 4 1731b. (See Table 

No. 26) 

Total weight (iiet) 

TO3 

3 ^ 

S85 

9t 

8.} 5 990 lb. 

-V-^ 

Gross weight 

10 



1 -o 

17 cwl. 
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SCHEDULE OF QUANTITIES. 


Beam and Slab Construction. 


Item No. Description. Quantities. 

Rate. 

Total. 





£ 

$, 

d. 

I. 

Mixing and placing concrete, 1:2:4 mix, in 







slabs and beams (rough ^reeding only). 







cu. yd. 

8-0 

42s. 

16 

16 

0 

2. 

Close-boarded shuttering to soffits of slabs, and 







sides and soffits of beams and haunches. 







yd. sup. 

68 

4s. gd. 

16 

3 

0 

3 - 

Provide and lay i-in. granolithic surfacing. 







yd. sup. 

45 

2S. 6d. 

5 

12 

6 

4 - 

Supply, cut if necessary, bend, and fix rein¬ 







forcement in bars f in. diameter and over, 







including tying wire. cwt. 

17 

i8s. 

15 

6 

0 

5 ^ 

Ditto J in. diameter. cwt. 

I 

19s. 

0 

19 

0 

6 . 

Ditto 1 in. and in. diameter cwt. 

H 

20s. 

8 

10 

0 

7 - 

Ditto J in. diameter cwt. 

I 

22s. 

I 

2 

0 

Total estimated cost per panel 20 ft. square. 



£^4 

8 

6 


Inclusive estimated cost = 2gs. per sq. yd. 

These inclusive rates for both the concrete and the shuttering can be derived as 
follows: 


Concrete : 

s. d. 

4-in. slab : 45 sq, yd. at 4s. od. = 180 o 
Beams : 80 cb. ft. at is. ^d. ===126 8 

306 8 

s. d. 

^ 306s. M, 

Average =-g- =38 4 per cu. yd. 

Add for hoisting, etc. = 36,, 

Total 41 10 ,, ,, say 42s. per cu. yd. 

Shuttering : 

s. d. 

Slab soffit: 340 sq. ft. at 5<f. 141 8 

Beam sides and soffits : 260 sq. ft. at 6\d. 140 10 

Extra for haunches : 5 lin. ft. at '^d. i 3 

Forming chamfers : 160 lin. ft. at 3^. 40 o 

323 9 

324 

Average =* say, 4s. gd. per sq. yd. 

For flat slab construction as illustrated in Figs, 51 and 52, some of the price rates 
would differ from those adopted for beam and slab construction, the modifications 
being due to the following considerations: 

Concrete ; rate reduced as placing in slabs only (without screeding) is cheaper 
than in beams. 

Shuttering: rate reduced as there is less labour in making flat soffits than 
in forming beams and haunches; rate for flat slab without dropped 
panels is less than rate with dropped panels. 
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(v) TYPICAL EXAMPLE OF HOLLOW TILE SLAB DESIGN. 

(See also Chapter VIII.) 

There are two methods of designing hollow tile slabs : 

ivl * 

(a) Designing for a midspan bending moment of — and for only a nominal bend¬ 
ing moment over the supports. Since at the supports, the compressive resistance is 
only that provided by the narrow ribs, the resistance moment at end sections is small 
if the tiles are continued as close as possible up to the support. 

( b ) Design for a bending moment of (when fully continuous, or —— when 

continuous at one end only) both at midspan and support, and provide a sufficient 
extent of solid slab to enable the compressive resistance near the supports to be 
obtained. 

Design (a), which is followed in the example given below, gives a deeper slab, but 
may lead to a lighter floor since there will be a considerably greater area covered by 
tiles. The width of the rib is controlled largely by shear and the ability to accom¬ 
modate the reinforcement. The depth of the rib and thickness of the slab are deter¬ 
mined by the compressive moment of resistance required at midspan. 

Example : To design a hollow-tile slab to span over a number of consecutive 
i2-ft. spans ; assume office floor loads. According to the London Building By-laws, 
the ribs must be designed for the superimposed loads specified for slabs if the spacing 
apart ^ocs not exceed 2 ft. 6 in. (or 3 ft. in accordance with the Code of Practice). 
Assuming a 6-in. hollow-tile slab, the loading will be : 

Superimposed load — 80 lb. per sq. ft. (Table No. 2) 

6-in. hollow-tile slab =48 ,, ,, ,, (Table No. i) 

Floor finish, say — 10 ,, ,, ,, 

Ceiling finish, say, — 6 ,, ,, „ 

Partitions (minimum) — 20 ,, „ ,, 


Total = 164 

With ribs 4 in. wide and tiles 12 in. wide (see Fig. 54), the distance Ix^tween centres 
of ribs = I ft. 4 in. Hence load per rib = 1-33 x 164 210 lb. jx^r ft. run. 


Midspan bending moment = 


= 42,000 in.-lb. 


Shear force on rib (at 12 in. from centre of support) “ 5 ft. x 219 1,095 

2 

With 6-in. slab as in Fig. 52, effective depth — 4 69 in., lever arm = 4 69 — - 
3-69 in. 

With stresses of 18,000 and 750, neutral axis depth ^ 0 39 x 4*69 1-83 in. 


1,095 

Shear stress on rib — - - = 74 2 lb. p€ 

4 X 3’^9 

per s |. in. without shear reinforcement). 


74*2 lb. per s(p in. (should not exceed 75 lb. 


At — ——— = 0-6^ sq. in. Provide two f-in. bars. 

^ 18,000 X 3-69 ^ ^ 

Check compression : If the depth of the neutral axis exceeds the thickness of the 
top .slab (dt,), the minimum width of flange required is given by the expression 

B.M. 

cf n — d$\ 

-( I -f - jd^ 

2\ n / 

In the present example, n = 1*83 in., which is less than the slab thickness of 2 in.; 
the moment of resistance of the compression of concrete (Q = 126 from Table No. 27) 
Hte 126 X t6 X 4-69* ^ 44>3oo in.-lb., which is ample for the bending moment. 
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There is not usually any need to provide binders in the ribs, but a light mesh is 
desirable in the top slab. The arrangement of the reinforcement is shown in Fig. 52. 
One of the bars in the rib is bent up at each support to provide conveniently a nominal 
amount of steel over the supports. 
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Acids, Effect on concrete of, 102-108 
Active pressures, 2a-28 
Adhesion, 148-151, 263, 265 
Aggregates, 135, 136, 191 
Airlocks, 123 

Aluminium, Effect of concrete on, 102, 103 
Anchorage of reinforcement, 149, 265 
Arches (see also Bridges), 109-119, 141, 176, 198, 
263 

,, Fixed, III 

,, Hinges for, 63, 64 

„ Working stresses, 143 
Area of reinforcement, 152^ 266, 267 
Areas of sections, 297 
Art galleries, 213 
Asphalt, 203, 211 
Assembly halls, 213 

Balanced foundations, 75- 77 
Basements, 71, 72 

Beams (see also Cantilevers, Lintels, L Beams, T 
Beams, etc.), 6-8, 153-162, 180, 181 
Adhesion, 150 
Continuous, 34-42, 226-239 
Cover for, 152 
Curved, 52, 53, 169, 225 
Design tables, 27i-275» 281 
Examples, 270, 272, 302-305 
Fixed, 32-34, 63, 222, 223 
Loading on, ii, 12, 210, 213 
Moment of inertia of, 64-66 
Monolithic with columns, 42, 43, 230, 
246-249 

Proportions of, 155 
Quantities for, 197-207- 
Reinforcemeiit for, 152, 200-202 
Shear reinforcement for, i6i-i68 
Shear stress, 163 
Single span, 31, 222-224 
Supporting slabs spanning in two direc¬ 
tions, 46, 47 
Torsion on, 168, 169 
With compression steel, 156-158, 165 
Working stresses, 145, 163 
Bending and direct force. Stresses for, 143, 262 

combined with direct tension, 185-188, 
288, 289 

combined with direct thrust, 178-185, 
288-291 
moment, 31-53 

„ coefficients, 37-4i» 223-239 

„ diagrams, 33 

„ due to end restraint, 230 

,, Graphical determination of, 41, 

„ in walls of cyliadrical tanks, 

93, 256, 257 

resistance, 15 3-159, 270-281 
schedules, 151, 265 
Bending-up beam bars, 280, 281 
Binders, Shear value of, 164, 282, 283 


Binders, for beams, 165 

„ for columns, 170-172 
Blinding, 137, 263 
Bond (see a^ Adhesion) 

„ in beam reinforcement, 150 
Book stores, 213 
Brickwork, 192, 203, 211 
Bridges (see also Ar^es), 7, 109-120, 300 
„ Abutments, 120 
„ Concrete for, 140, 263 
„ Deck slabs, 43, 216, 217 

„ Girder, 119, 120, ic^ 

„ Inmact on, 13, 15, 

„ Influence lines, 42, 234-239 

„ Loadings, 13-15, i7, 18, 213. 

„ Piers, 120 

„ Wind pressure, 19, 213 

„ Working stresses, 143, 147, 262 
Buildings (.--'e also Floors, Columns, Roofs, Walls, 
Basements, Stairs, etc.), 120-123 
„ Design of, 135, 141, 155 

„ Earthquake-resisting, 62, 63 

„ Framed, 59 

„ Joints, 132, 133 

„ Loading, ii, 13, 17 

„ Reinforcement, 198 

., Wind on columns in, 60-62 

,, Wind pressure on, 18, 146, 213 

Working stresses, 143, 144, 147, 148, 
148, 262 

Bunkers (see also Silos and Hopper Bottoms), 98- 
loi, 123, 198 
Hinges, 63, 64 
Pressures in , 20-26, 29, 30 
Properties of materiab in, 98, 219 
Wallk of, 47, 98-roo, 176, 186, 258, 259 
Wind moments on columns of, 60-62 
Working stresses in, 143, 147, 262 


Cantilevers, 31, 223 

„ Propp^, 31, 32, 223 
Cement, 134, 135, 190, 191 
Chemicals, Effect on concrete of, 101-8 
Chimneys, 123-126, 135, i45, 176 

„ Temperature stresses in, 124-126, 141 
„ Wind pressures on, 19, 126, 146, 213 
Churches, 213 
Cinemas, 213 
Circular slabs, 48, 49 
Clay, Active pressure from, 26, 218 
Columns (see “also Beams Monolithic with 
Columns), 6, 8, 170-175 
„ Adhesion, 150 

„ Bending of, 57 62, 176, 181 
„ Braced, 247 

„ Concrete mix, 137, 263 
„ Comer, 59, 60 

„ Cover of, f 52 

„ External, 57, 60, 248, 249 

„ Fixity of, 63 

„ Foundations for, 70-77 
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Columns, Hing^ for, 63, 64 
„ Interior, 59, 60, 349 

„ Loadings, 13,15, i 7 o~i 73 * 213, 313 

,, Load reduction, Z2, 313 

„ Long, 174, 175, 287 

„ Moment of inertia, 64-66 

„ Quantities for, 197-307 

,, Safe loads, 286, 287 

,, Supporting elevated tanks, 96 

,, Supporting fiat slabs, 52 

„ Wmd moments on, 60, 246 

,, with helical bound cores, 172, 173 
,i with independent binders, 1 70-173 

,, Working stresses, 143, 145 

Combined foimdations, 73-75 
,, stresses, 176-189, 262 

Compression, Direct, 143, 262, 263 

,, reinforcement in beams, 156-158 

,, - strength of concrete, 139-140, 263 

,, stress due to bending, 142,143, 262, 
263 

„ stress on reinforcement, 148, 262 

Concrete, 134-146, 194, 206 

,, Bearing on plain, 144, 263, 300 

,, Cover, 151, 152 

,, Effect of chemicals on, ioi-io8 
„ Mixes, 130, 131, i 36 "I 39 > 263 

,, Modulus of elasticity of, 140, 141 
„ Quantities for, 195, 196, 205 

,, Shrinkage of, 141 

,, Temperature coefficient, 141 

,, Ultimate strength of, 139, 140, 263 
,, Weight of, 10, 139, 211 

„ Working stresses, 262, 263 

Conditions of contract, 190 
Containers (see Tanks, Reservoirs, Bunkers, Silos, 
etc.), 86-108 

Continuous beams, 34-43, 226-239 
Contraction of arches, 112-114 

„ of retaining walls, 88, 131-133 
Cooling towers, 198 
Corner columns, 59 
Corridors, 12, 213 
Cost estimating, 205, 206, 314 
Counterforts, 87 
Cover of concrete, 151, 152 
Cranes, Loads due to, 15, 16 
Crushing plants, 16, 123 
Culverts, 126-129, 198 
Curved beams, 52, 53 

Dance halls, 16, 213 

Dead loads, 10, 11 

Decimal equivalents, 294, 295 

Deep containers, 26-28 

Deflection, 31, 223, 224 

Dispersion of point loads, 17, 18, 24, 25, 217 

Drainage behind retaining walls, 88 

Drawings, 7 

Drill halls, 16, 213 

Earthquake-resisting structure, 62, 63 
Earthwork, 202, 203 

Eccentric loading on foundations, 69, 77, 78 
End conditions of members, 63 
,, restraint of beams, 42, 43 
Excavation, 193, 194, 202, 203, 206 
Expansion of retaining walls, 88, 131-133 
External columns, 57-59, 248, 249 

Factories, 213 

Finishes, Quantities for, 203 
Fixed beams, 32-33 
„ points, 41, 42, 233 
Flat Slabs, 49-53, 306-309 


Floors (see also Slabs, Flat Slabs, Hollow Tile 
Slabs), 10-12, 16, 105, 210 
Footpaths, 15, 213 

Foundations (see also Rafts, Piers, Ground Pres¬ 
sure, Piles, etc.), 67-85 
„ Balanced, 75 ~ 77 , 253 

„ Concrete for, 103,105,136,139, 144, 

152, 253, 263 
„ Depth of. 69, 70 

„ Design of, 73 * 78 , 252, 253 

„ Loading on, 12, 213 

„ Mining subsidence, 123 

,, Piled, 78—85 

„ Quantities for, 196, 205 

,, Road, 129 

„ Types of, 70-73, 123 

Fi;amed structures, 54-66, 246-249 
Friction on back of walls, 22, 23 
„ piles, 8i 

Gantries, 13.. 15, 123, 246 
Garages, 13, 16, 18, 136, 216, 217 
Gas purifiers, 123 
Grandstands, 213 

Granular materids, Pressure due to, 20-28 
Ground pressure, 69, 88, 250, 251 
Gymnasia, 16, 213 
Gyration, Radius of, 175, 287 

Helically-bound columns, 172, 173 
Hinges, 63, 64, 300 

Hollow-tile slabs, 120, 136, 137, 315, 316 
Hopper bottoms (see also Bunkers, Silos, etc.), 
100, lor, 186, 260, 261, 298, 310-312 
Hospitals, 213 
Hotels, 213 

Impermeable construction (see also Tanks), lol, 
137. 139, 141, 150, 152, 263, 278 
„ Working stresses, 143,144,147,148, 
262 

Industrial buildings, ii, 12, 155, 198 
Influence lines, 42, 234-239 
Interior columns, 59, 249 
Iron, Specification for, 192, 193 

Joints, 131-133 

„ in columns, 172 
„ Quantities for, 203 
,, inroads, 131 

„ in tanks, 97 

L-Beams, Proportions of, 280, 281 
Landings, 12, 213 
Lengths of bars, 151 
Lever arm, 153, 271 
Lifts, 17 
Lintels, 10, 210 
Liquids, Pressures from, 20 
Loading gauges, 297 
Loads, 10-19, 210-217 
„ Dead, 10, 11, 211 
,, from cranes, 15, 16 
„ from partitions, 10, 11, 210, 211 
„ Moving, I 3 -i 7 i 215, 217 
„ on beams supporting slabs spanning in 
two directions, 46, 47 
„ on bridges, 13-15, 113, 116 

„ on columns, 12, i7o-i73,'2i3, 286, 287 
„ on culverts, 127-129 

„ on foundations, 12, 213 

„ on lintels, zo, 210, 211 

, „ on pre-cast piles, 78-81, 85, 254, 255 
„ on slabs spanning in two directions, 
Triangularly distributed, 47, 245 
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Loads on stairs, 12, 213 

„ on walls, 12, 213 

„ Point, 17, i8, 24, 25, 217 
„ Storage, 12, 13, 98, 217 
,, Superimposed, ii, 12, 21^ 

Masonry, 192, 203 

Materials, Effect on concrete of, 101-108 
for concrete, 134-136 
„ in water, Pressure due to, 29, 30 
,, Pressures due to granular, 20-30 
„ Properties of contained, 98, 219 
,, Specifications for, 191-193 

,, weights of, 10, 211, 217 

Metals, Specification for, 192, 193 
Metric equivalents, 292, 293 
Modular ratio, 140-141, 172, 263 
Modulus of sections. 297 
Moment Distribution^ 39, 66, 232, 248 
Moment of inertia. Continuous beams with vary¬ 
ing, 40, 231 

,, „ of reinforced concrete sections, 

64-66, 296, 297 

,, „ of sections, 296, 297 

Moving loads, 13-17 

Neutral axis, 153, 188, 189, 271 

Offices, 213 

Oils , Effect on concrete of, 102-108 
Partitions, 10, ii, 210 
Passive resistance, 28 
Piers, 144, 263 

„ Bridge, 120, 136 
„ Foundation, 72, 73 , 253 
Pile caps, 84 

Piles (see also Sheet Piles), 78-81, 254, 255 
,, Cast in situ, 85 
,, Design, 81-83, 137, 152, 181, 263 
,, Loads on groups of, 85 
„ Protection, 105, 191, 192 
,, Quantities, 2oi, 202 
„ Shoe^ for, 83, 193, 203, 204 
,, Timber, 191, 92, 206 
Piling plans, 83, 84 
Pithead gears, 17, 123, 198 
Plastic Theory, 162, i 75 , 189 
Point loads. Dispersion of, 17, 18 
Polygonal slabs, 47 

Pressures, Active, 20-28, 218, 219, 298 
„ due to materials in water, 29, 30 
,, „ contained material, 20-30,218- 

220 

„ „ retained material, 20-30, 87, 

218, 219 

,, „ wind, 18, 19 

,, from liquids, 20 

„ in silos, 27, 28, 220, 221 

,, on flexible walls, 92 

,, on sheet pile walls, 90-92 

,, on vertical walls, 22-26 

Proportions of aggregates, 137, 138 
„ of beams, 155, 160, 161 

„ of concrete, 137, 263 

Protection of concrete, 101-108 

Quantities, I 95 " 205 , 31 3 » 3^4 

„ for concrete materials, 263 

Raft foundations, 70, 71, 77 , 78, 123 
Rail ti 'ks, Weight of, 211 
Rapid-nardening cement, 134, 144 
Reading rooms, 213 
Reinforcement, 147-152 

„ Adhesion, 148, 265 


Reinforcement, Areas of, 152, 266, 267 
„ Bending, 265 

„ Cost of, 206 

„ Detailing, 

„ for roads, 130 

,, in columns, 171 

„ in flat slabs, 51, 52 

„ Percentage of, 271 

„ Quantities for, 197-201 

„ Shear, 164-166 

„ Sp^fication for, 191, 194 

„ Weight of, 152, 197-201, 268-269 

„ Working stresses, 147, 262 

Reservoirs (see also Tanks), 13, 97, 132, 133, 141 
Residential buildings, 198, 211, 213 
Resistance moment, 153-156, 272-275, 278, 279 
Restaurants, 12, 213 

Retaining walls (see also Sheet Piles), 86-92,198 , 
256, 257 

„ Cantilever, 87, 88 

„ Design of, 88, 152, 218, 263 

,, Flexible, 92 

„ Joints in, 131-133 

„ Pressures on, 20-26, 28, 87, 218, 

219 

„ Types of, 86, 87 

Roads, 129-131, 136, 139, 141, 263 
Roofs (see also Slabs), 7, 120, 121, 137, 211, 298 
„ Loadings on, 12, 210, 213 

Schools, 213 
Shear, 163-168 
„ force, 31-53 

„ „ diagrams, 33 

„ „ for restrained beams, 33, 34, 230 

„ „ in frames, 57 

„ „ on continuous beams, 37, 38, 227 

„ „ curved beams, 225 

„ on binders, 164, 165, 282, 283 
„ on diagonal bars, 165, 166, 282, 283 
„ on flat slabs, 52 

„ on reinforcement, 163-168, 282, 283 
„ stresses, 144, 163, 164, 263 
Sheet piles, Passive pressure on, 28 
,, „ Shoes for, 89 

„ „ Walls, 89-92, 256, 257 

Shops, 213 
Shrinkage, 141 

Shuttering, Quantities for, 194, 196, 197, 205, 206 
Silos (see also Bunkers), 98-101, 176, 198 
„ Curved beams for, 53 

„ Loads and pressures in, 13, 26-28, 220, 221 
„ Wind on columns of, 60-62 
Site inspection, 67 

Slabs (sec also Roofs, Floors, Flat Slabs, Hollow 
Tile Slabs, etc.), 6, 7, 8, 153-162, 180, 186; 
187 

„ Design, 150, 152, 276 - 279 » 302, 303 
„ Holes in, 121 
„ Joints, 132, 133 
„ Loadings, ir, 12, 213 
„ Non-rectangular, 47-49 
„ Point loads on, 17, 18, 216, 217 
„ Quantities, 195-205 
„ Spanning in one direction, 43, 230 
„ „ „ two directions, 43-49, 240-245 

Sliding of retaining walls, 88 
Slump test, 139 
Slurry towers, 123, 198 
Specifications, 190-195 
Stability of retaining walls, 88 
Stairs, 12, 121, 122, 195, 213, 263 
Stationery stores, 213 

Steel (see also Reinforcement), Specification for, 
192, 193 
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“ Sted-beam ** theory, 157, 158 
Steelwork, Weight of, 211 

Stores (see Warehouses, Bunkers, Tanks, Loads, 
etc.) 

Stresses, Adhesion, 144 

„ Combined, 176-189, 262, 288-291 

,, Direct tension, 143, 262 

„ Modifications to, 145, 146 
„ on concrete. Working, 142-146, 262, 263 
„ on plain concrete, 144, 263 
„ on reinforcement, 147, 148, 262 
„ Shear, 144, 163, 164, 262, 263 
Surcharge behind walls, 23-25, 219 
Swimming baths, 198 

Tanks (see also Reservoirs, Impermeable Con¬ 
struction, Water Towers, etc.), 7, 13, 
92-97, 193, 263 

,, Bottoms of elevated, 94-96, 260, 261 
„ Columns supporting elevated, 96, 97 
„ Cylindrical, 92-93, 198 

„ Hot liquids in, 97. 124-126, 141 

„ Impermeability of, loi 

„ Joints in, 132, 133 

„ Pressures in, 20, 29, 30 
„ Protection of, 101-108 
„ Rectangular, 47. 93, 94, 198, 244, 245 
„ Underground, 97 

„ Walls, 92-94, 186, 256, 257 
„ Working stresses, 143, 144, 148 
T-]^ams (see also Beams), 6, 160-162, 280, 281 
Temperature coefficient for concrete, 141 
„ effect on arches, 112, 115 

„ effects on tanks, 97 

„ stresses, 124, 125, 126 

Tensile strength of concrete, 140 

„ stress on reinforcement, 147, 148, 262 


Tension combined with bending, 185-188, 288,289 
„ Direct, 143, 262 
„ in walls of cylindrical tanks, 92, 93 
Theatres, 213 
Timber, 191, 204 
Torsion, 168, 169, 225, 284, 285 
Trigonometrical formula), 298 
„ ratios, 299 

Underground tanks, 97 

Vibration, 16 

Walls (see also Retaining Walls, Tanks, Bunkers, 
etc.), 7, 12, 75, 123, 213, 253, 263 
Warehouses, 12, 13, 198, 213 
Water content, 138, 139 
,, Specification for, 191 
„ towers, 94-96, 198 

Columns for, 96, 97 
„ Curved beams for, 53 

„ Joints in, 132, 133 

„ Wind pressure on, 19, 60, 61, 146, 

212,213 

Weight of concrete, 10, 139, 210, 211 
„ of reinforcement, 152, 268, 269 

„ of structural materials, 10 

Weights of materials, 211, 217 
„ of stored materials, 13 
Wharves (see also Sheet Piles), 191 
Wind moments on columns, 60-62, 246, 247 
„ pressure, 18, 19, 212, 213 
„ Stresses due to, 146 
„ velocity, 18, 19, 213 
Working stresses, 262, 263 
Workmanship, 193-195 
Workshops, 136, 198, 213 
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